— 


FOUR „40 | 


| IN END DUCTO RY 


"EECTVUKES 


rag we 


; : Ty 


72 - 

ns, \ g 8 . 
* 5 a 

Rn Y 
Et, 
= 


Natural Philoſophy. 


= ' 3 TL ARR S BE 
DES CE RN PL) SIP et 


=)» MASS . N 2 C CZE O 


7 


D U BL 1 N: 


Printed at the UnivzrsITY Pars, 


* WII IIA SLEATER, 
| D D Deere | i 1 


5 MDCC LXVII. . CJ 


— — en 


— 


—— — 


—— — — 


— IIS 


I n l VR 9 . * 8 n * 2 

SM c e 
HE” 7. NY . 1 133 — ETFS 88 4 

c EE CORRECT EEO 


* 


« 
* 


6＋— — ——— 27-4 PII * — 


K 


ee, nn 


ee et eee —ä—äͥ ea pea nn ann nn OY OO OOO 


6 


| 0000032000000004 
$0000005000005005 


LECTURE 1 
_0000000000008000900000003900%: 

1 „„ 
| Rules of Philoſophiſing, 
The effential Properties of Matter, 

And Laws of Motion. 
00000000000909000000000008000 
M S a knowledge of the operations 


AX of N ature, and their cauſes, - 


is not only entertaining to the 

e mind, but capable of being 
uſefully applied to Practice in providing 

for the eaſe and convenience of life; it 
muſt ſeem ſurpriſing that Natural Philoſo- 
i pPhy 
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2 LECTURE. 1. 


| 7 1 ſhould have made ſo very i inconſider- 
7 able a progreſs in the world, as we find it 
| had done about a Century ago. This muſt 
have been owing chiefly to the wrong me- 
| thods by which it had been cultivated be- 
He fore that time. For, till then, philoſo- 
bpbpPhers did not pay a proper attention to 
F experiments, but employed their ſagacity 
in inventing ſyſtems and contriving Hypo- 
| theſes, by which they might explain the 
+, operations of Nature. They of latter 
1 times have more wiſely choſen to build 
N | their philoſophy on the ſolid foundation 
of facts and experience. The method, 
which they happily purſued, conſiſts in 
making a number of accurate experiments 
1 and obſervations, and from thence collect- 
= ing what thoſe powers and principles of 
. motion are which really obtain in Nature; 
and in explaining the phænomena, or na- 
tural appearances, from thoſe manifeſt 
Principles aſſumed as cauſes; and in 
ö 5 proving their explanations to be true by 
fſhewing, from mathematical reaſoning, 
| that the cauſes aſſigned are adequate to 
|| © the effects aſcribed to them, Theſe dif- 
3 ferent methods of philoſophiſing, as one 
: "might reaſonably expect, were attended 
with 
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LECTURE 1. 3 
with very different ſucceſs. The former 
only amuſed the world with conjectures 


and philoſophical romances, the latter 
enlightened it by valuable diſcoveries. 


Taz firſt who inſiſted on the neceſlity 
of uſing this method for promoting na- 
tural knowledge was Sir Francis Bacon, 
who flouriſhed about the beginning of the 


laſt century, and may juſtly be reckoned 


the founder of experimental philoſophy. 


This great man having taken an accurate 

and comprehenſive view of the ſtate of 
learning as it then ſtood, ſoon perceived 
the emptineſs of the philoſophy that had 
ſo long prevailed, which he ſays had been 


produced merely by the confidence of a 
few men, and received and admired only 


through hs indolence and inattention of 
the eſt, And therefore, in his admira- 


ble Treatiſe on the Advancement of Learning 


he propoſes, that men ſhould lay iGde 
all former Hypotheſes, and endeavour 
to raife a new ſtructure of philoſophy, 


not founded on uncertain opinions and 


ſpecious conjectures, but on truth and 
experience. The advantages, that might 


be expected by purſuing this method, che 


let forth in ſo ſtrong a light, chat bis plan 


2 was 
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was 9 ee of and adopted 
by the Learned in all parts of Europe; and 
fince that time ſeveral men of great abili- 


ties, and particularly the famous Sir 1/aac 
Newton, have cultivated natural philoſo- 
phy according to his ſcheme, and enriched 
it with more important diſcoveries than all 
the foregoing ages can boaſt of, To give 
{ome account of theſe diſcoveries and to 


exhibit the experiments by which they 


are confirmed, is to be the buſineſs of the 
following lectures. But before I can pro- 
ceed to this it is neceſſary to lay down cer- 


tain rules, which will be of uſe in direct- 


ing us how to deduce general concluſions 
from a number of experiments, and to 


inveſtigate cauſes from their effects. The 


rules delivered for this purpoſe by Sir 


Tjaac Newton, and which he himſelf fo. 
f applied, are as follows: = 


NE . 


More Cauſes of Natural Things are not to 
be admitted, than are both true and fuffici- 
ent for explaining their Phenomena. 


THAT is, we are not to admit any thing 
as a cauſe whoſe exiſtence we cannot ma- 


«444 _— —— —— j — —— wc ̃ ̃ Ä 


nifeſtly 


J'S 


kW  —=x ww n , 0 


LzrcTurRY I 5 
nifeſtly prove by experiments. And 


then we muſt not admit various cauſes of 


any effects when one is ſufficient, F or 
all philoſophers agree that Nature does 


nothing in vain, and that is certainly done 
in vain by more cauſes which may be done 
by fewer. From hence follows a ſecond 


rule: 


RULE 11. 


/ Natural Effefis of the fame Kind, the 


fame Cauſes are to be aſigned as far as can 
be done. 


As, for inflance, the ſame cauſe muſt h 
be aſſigned, of reſpiration in a man and 


in other animals, of the deſcent of heavy 


bodies in different parts of the earth, of 


light in a culinary fire and in the ſun, of 
the reflexion of light in the earth and in 


the planets. 


R U I. E III. 


The e Qualities of Bodies which cannot be in- 


creaſed or diminiſhed, and that agree to 
all Bodies on which Experiments can be 
made, are to be reckoned as Nandi of 


all Bade: whatſoever, 
3 Tuus 
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Tuvs if it be evident, . experi- 


ments and aſtronomical aliervations: that 


all bodies near the earth gravitate towards 
it in proportion to their quantity of 
matter, that the moon alſo gravitates to- 
wards the earth, and the waters of our 
ſea towards the moon, that the planets 
and the ſun gravitate towards each other 


mutually, that comets in like manner 


gravitate towards the ſun; and if the 


gravity of bodies, on which we can make 
experiments, can neither be increaſed nor 


diminiſhed ; we muſt by this rule pro- 
nounce that gravity, or a mutual tendency 


5 towards each other, is a quality of all 
bodies whatſoever. 


RULE W. 


< n 3 mental Philoſophy Propofi tions col- 


lected from the Phenomena by induction are 

to be deemed, notwithſlandins contrary 
Hypotheſes, either accurately true, or very 
_ nearly fo ; until other Phenomena occur, 


by which they may be rendered either more 
accurate or liable to Exceptions. 


Tun meaning of this rule is, that 


againſt Propoſitions founded on facts and 


experience, 
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experience, we are not to admit any ex- 
ceptions that are taken merely from Hypo- 
| theſes or metaphyſical conſiderations ; 
which we know have often miſled philo- 
ſophers in their inquiries, and ſeldom have 
been of any uſe to them. 
TuksE rules of philoſophiſing, and 
indeed all our attempts to enquire into 
the cauſes of natural things, depend en- 
tirely on this ſuppoſition ; that the Uni- 
verſe hath been produced by the Will 
of an infinitely powerful and wiſe Agent, 
and that therefore all events, not depend- 
ing on the will of man, are the effects of 
certain eſtabliſned confer made to act ac- 
cording to regular laws, the very beſt that 
could be deviſed, for preſerving the whole 
frame of Nature in the ſtate we now ob- 
ſerve it to be. For in this caſe only can 
we hope to arrive at ſome knowledge of 
| thoſe general cauſes, and their manner of 
acting, by carefully attending to the 
phænomena. Could we once ſuppoſe 
the Univerſe to have been the effect of 
chance, any endeavour to find out the 
cauſes of the common operations of Na- 
ture, or the Jaws by which they are regu- 
3 lated, 
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lated, would be a vain attempt and quite 


inconſiſtent with ſuch an Hypotheſis. 


Bor experience fully evinces the truth 
of our firſt ſuppoſition. F or philbſophers, 
directing their reſearches. by the foregoing 
rules, have diſcovered, and plainly proved, 
that the phenomena, or natural appear- 
ances, are effected by the moſt ſimple and 
general cauſes, made to act with all the 
conſtancy, regularity and uſefulneſs, that 


could be expected in the works of perfect 
Power, Wiſdom and Goodneſs. They 
Have alſo proved that theſe are but ſe- 
condary cauſes, and ſuch as never could 
have produced the Univerſe out of No- 
thing, or could even have given its parts 
their firſt motions, or reduced them to the 


order they are now in. 5 

Sven diſcoveries therefore muſt amount 
to a ſtrict demonſtration, that all things 
were at firſt produced, and are ſtill go- 


verned, by the Will of an everliving 
powerful, wiſe and good Being; whoſe 


Influence cannot ſuffer any diminati- 


on through the greateſt diſtance of ſpace 
or length of time. So that the great 
truths of Natural Religion are the moſt 
F . cvident 


te 
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evident concluſions, as well as the hap- 
pieſt fruits, of Natural Knowledge. 

Having given ſome account of the 


methods of philoſophiſing and the rules 


we are to obſerve, I proceed to conſider 
the Properties of Matter, ang firſt ſuch 


as are eſſential to it. 


As the intimate Nature, or real Eſſence 
of Matter, is unknown to us, we can define 
it only by ſuch properties as we take to 
be eſſential to it, and without which we 
cannot conceive it to exift, I ſhall 
therefore tay, that Matter or Body is a 
Subſtance extended, ſolid and perfectly 


inactive, or incapable of producing any 
FE change in its ſlate, whether of reſt or 
motion. | 


Tux idea of FL. is ſo very ſim- 
ple and clear, that any attempt to ex- 


plain it would probably render it more 


obſcure. 
SOLIDITY is that property by which 


x Body is enabled to reſiſt and abſolutely | 


prevent all others from coming into its 
place, till it has left it. By this property 

it is that Body is ſaid to fill Space, and 
upon this is founded the common 


Axiom; that! it is impoſſible for two Bodies 
to 


EECTVRE DL 
to be in the ſame place at the ſame 


time. Though ſome Bodies, as Fluids 
for inſtance, ſeem to give very little re- 


10 


ſiſtance to others, yet this does not ariſe 
from any defect of ſolidity; but from 
their parts yielding to the leaſt impreſſion, 
and therefore being cafily put out of 


their places, For if the moſt fluid Body 


be preſſed equally on all ſides, its reſiſtance 
will then be as ſenſible as that of the hardeſt. 
So likewiſe, though ſoft ſpongy Bcdies 
may be compreſſed into a ſmaller ſpace 
than they uſually take up, yet they are 
nevertheleſs ſolid; for there is always a 


certazn degree beyond which no Hee 
can comprels them. 


Tuar Matter is capable of being put 
into Motion, our experience fully teſtifies. © 
We have a power of moving our limbs 
according to the determination of our will, 


and we frequently ſee Bodies commu- 


micate Motion to each other by Impulle. 


In what manner Motion is communi— 


cated, in the firft caſe, we ſhall probably 


never be able to comprehend. In the 
"ſecond caſe, we can caſily conceive the 
Power of communicating Motion to ariſe 
merely from . For when a Body 


in 


r 
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in Motion ſtrikes another at reſt, which 


is not retained in its place by ſome force ; 


ſince theſe Bodies, on account of their 
Solidity, cannot penetrate each others di- 


menhons, 


the ſtriking Body muſt pro- 


trude the other and move it out of its 
So that the communication of 


place. 
Motion, in this caſe, ariſes as neceſſarily 
from the Solidity of Bodies, as their 
having Figure, or being diviſible, does fr om 
their extenſion. 


EvERVY body muſt be terminated: by 2 
by one or more ſurfaces, and therefore 


all Bodies muſt have ſome ſort of Figure ; 


hence Figureability is reckoned an inſe- 


parable Property of Matter. 


EXTENSION. neceſſarily implies Divi- 
for whatever is extended muſt 


ſibility, 


have Parts, and conſequently muſt be 


diviſible into thcſe Parts. Diviſibility is 
therefore an inſeparable property of 


every particle of Matter, however ſmall. 
Hence we are neceſſarily led to affirm 
that Matter is diviſible in inſinitum, the 
meaning of which is, that any particle 
of Matter is capable of being divided 


into parts, the number of which may be 
greater than any given number. As 


Lines 
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Lines and Surfaces are e they 


alſo muſt be capable of an endleſs di- 
viſion, as mathematicians have demon- | 


ſtrated (a). 


 ArTuoven Matter is capable of be- 
ing diminiſhed without end by a con- 
tinued diviſion of its Parts, yet we mult 
ſuppoſe that the ultimate and elementary _ 
Particles of which Bodies conſiſt, are 
ſuch as never were, nor probably can 


be, divided by any ordinary force. Sir 
Iſaac Newton judges (with great appear- 
_ ance of reaſon) that Matter in the begin- 


ning was formed in ſolid, maſly, impe- 


netrable, moveable Particles; : which are 
incomparably harder than any porous 
Body compounded of them, even ſo 


hard as never to wear or break in pieces. 
For while the Particles (ſays this great 
Philoſopher) continue entire, they may _ 
compoſe Bodies of the ſame nature and 


texture in all ages. But ſhould they 
wear away or break in pieces, the nature 


of things depending on them would be 
changed. Water and Earth compoſed 
of old worn particles and fragments 
of n would not be of the ſame 


9 7 
(a) Tacquet's Euclid, Lib, iii, Prop, 16, Cor. 4. 
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nature and texture now with Water and 


= Earth compoſed of entire Particles i in the 
= beginning. And therefore he concludes, 
in order that the nature of Bodies may be 


laſting, that the changes of corporeal 


things muſt conſiſt only in the various 


ſeparations and new aſſociations and mo- 
tions of theſe permament Particles; com- 


pound Bodies being apt to break, not in 


the midſt of ſolid Particles, but where 
thoſe Particles are laid together mas only 


touch in a few Points. 


Tux third Property, which I included | 


in the definition of Matter, was its Inac- 


tivity, by which it not only perſeveres in 
its ſtate of Reſt or Motion, but muſt in 


ſome meaſure oppole every force that en- 
deavours to make any change in its ſtate. 


For though a Body be in its own nature ; 


quite indifferent as to Reſt or Motion, yet 
when it is in either of thoſe ſlates it is 
not without ſome ſort of difficulty com- 
pelled to change it; and therefore mult 


exert, as it were, ſome Force to preſerve 
itſelf ; in the ſtate it happens to be in. 


Hence this proper ty of Matter 1s called its 
vis inſita, or, more expreſſively, its vis 
Merliæ. And this Force a Body never ex- 


erciſes but againſt ſome other which en- 
| C deavours 
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deavours to cauſe a 1 in its Nate. 


On which occaſion this Force may be con- 
ſidered either as a Reſiſtance or an Impulle ; 
as a reſiſtance, ſo far as, by endeavouring 


to perſevere in its ſtate, it yields with forme 
difficulty to the Force impreſſed ; and as 


an impulſe ſo far as, by yielding with ſome 


difficulty, it muſt make alſo ſome change 
in the ſtate of that Body which impreſſes 


the Force upon it. Reſiſtance is generally 
attributed to quieſcent Bodies, and Im- 
pulſe to thoſe that are in Motion. As we 
cannot conceive the vis inertiæ of the 
fame ſolid Particle of Matter to be in- 
creaſed or diminiſhed, we muſt ſuppoſe _ 
that it is always the ſame in equal Quanti- 
ties of Matter, and therefore that the vis 
iertiæ of any Body is proportional to 


its Quantity of Matter. 


O theſe.effential Properties of Matter 
is founded the Doctrine of Motion, which 
is juſtly called the Key of Nature, as 
without a true knowledge of that we can 


ſcarce account for any of her operations. 
Nothing therefore could ſo much have ob- 
ſtructed Philoſophers in their purſuit of 


Natural Knowledge as their forming wrong 


notions concerning the nature of Motion. 


Des 
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Des Cartes held that all Space was equally 
full of Matter, and that there was always 


the ſame Quantity of Motion in the world, 
both which opinions have ſince dern 


proved to be erroneous. Even the ſaga- 


cious Kepler, on whole Aſtronomical Ob- 
ſervations and Diſcoveries the Newtonian 


Philoſophy i is built, muſt have been in- | 
evitably hindered from ſucceeding in his 


various attempts to find out the phyſical = 


cauſes of the Planetary Motions, by his 


8 having imagined that, from the Inertneſs 
of Matter, a Body put in Motion by an» 


ſingle Impulſe would ſoon after ſtop o 
itſelf, and that therefore it required to 


have a Force continually impreſſed upon 
it to keep up its Motion, winch 1s not at 


all neceſſary. 
The Laws of Motion, or Laws of Nas 


ture as they are ſometimics called, which 5 
are immediately deduced from the eſſer- 
tial parte of Matter, are as follows. 


L W 1. 


2 Body muſt perſevere i in its State of Ref, 


or of uniform Rectilincal Motion, till by 
ſome Force it be compelled to change ts 
Slale. 

C 2 Every 
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Every one will readily allow that a 


Body at Reſt muſt for ever continue ſo, 
unleſs ſome Force puts it in Motion. Now 
a Body, when put in Motion by a ſingle 


Impulle, is not leſs paſſive i in per ſevering 


to move than it is in continuing to reſt. 
for if it be granted that a Body 1 is unable 
ol itſelf to "make any change in its ſlate, 
it muſt be juſt as unable to deſtroy its own 


Motion, or to cauſe any change in its Ve- 


locity, or in the Direction of its Motion, 
as it is to change its ſhape, or to begin of 

itſelf to move from a ſtate of reſt. Some 

Philoſophers indeed ſeem to have thought 
that Bodies were naturally more diſpoſed 
to Reſt than to Motion; and probably they 
were induced to think ſo, by obſerving 


that all the Motions produced here on 
earth gradually decay, and at length ceaſe. 


But Bodies never ceaſe to move without 
our being as well able to aſſign the cauſe 
of their ſtopping, as the reaſon of their 
beginning to move. For when a Body 
is put in Motion, we find it does not 
flop, till its Motion is deſtroyed by the 
| Reſiſtance of ſome other Body that it i 
Itrikes or rubs againſt. 
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Every Motion, or Change of Motion, in any 


Body muſt be proportional to, and in the 
Direction of, the Force impreſſed. 


F on ſince a Body, by reaſon of its In- 


activity, cannot produce its own Motion 


or cauſe any change therein, it is evident 
that whatever Motion or change of Mo- 


tion is generated in any Body muſt pro- 
ceed entirely from the Force impreſſed, 
and conſequently muſt be proportional 
ther eto, and muſt likewiſe be directed to- 
wards the ſame part with the Force im- 
f preſſed. 


Reaclion is always equal to Aclion, and con- 


| trary thereto; or, in other Words, the 


Actions of two Bodies on each other are 
always equal, and are exerted mn oof 70 
Directions. 


WInATEVER preſſes or draws any thing 


is itſelf as much preſſed or drawn in an 


oppoſite direction. If I preſs a ſtone 


with my finger directly downwards, I find 


C 3 my 
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my finger as much preſſed by the ſtone, 
and that directly upwards. If a horſe 
_ draws a load by means of a rope, ſince 
that rope is equally ſtretched in oppoſite 
directions, by endeavouring to relax it- 
ſelf, it muſt urge the horſe towards the 
load as much as it urges the load towards 
the horſe, and muſt as much retard the 
progreſs of one as it promotes that of the 
other: for the force which the horſe ex- 
erts would carry him to a greater diſtance 
in the ſame time, were he freed from the 
incumbrance of the load, and therefore 
as much as his progreſs falls ſhort of that 
diſtance, ſo much is he in effect drawn 
back by the reaction of the load. 


As the Laws of Motion cannot be pro- 


perly confirmed by Experiments, till I 
have treated of thoſe Powers or Qualities 


of Bodies, which we conſider as the i 1m- 


mediate caules of their ſeveral Motions. 
I ſhall employ the remaining part of this 


Lecture in explaining ſome terms which 


will frequently occur hereafter; and in 
| laying down the method of computing 
the Proportions which the Velocities of 
Bodies, and alſo their Forces and Quan- 
ties of Motion bear to each other. 
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VELocityY is that Affection of Motion 


by which a Body deſcribes a certain Space 
in a certain Time. For if 1 am aſked, 
what the Velocity of a Body is in any 
particular caſe ? I muſt anſwer by telling 
the Space which that Body will deſcribe in 


a certain Time. And the Velocity in that 


caſe is always ſuppoſed to be uniform. 


Taz Velocity of a Body is ſaid to be 


equable or uniform, when it continues 
the ſame for the whole time during which 


the Body moves. And here it mull be 
obſerved, that whenever I ſpeak of the 
Velocity of a moving Body, that Velocity 


is always ſuppoſed to be uniform, unleſs 
it is expreſsly ſaid to be otherwiſe. 


Ix computations relating to Forces, 


Motions, Times, Velocities.* or Spaces 
deſcribed, we generally have occaſion to 
_ conſider the Proportions of theſe Quanti- 
ties to each other, and not the abſolute 


Quantities ee e Therefore in ſuch 


computations, when any two of theſe quan- 


tities are compared together, we may ſub- 


ſtitute in their places any other two Quan- 
tities which have the ſame Proportion to 
each other, and which may be of a more 


convenient kind, ſuch as Numbers, Lines 
or ReQangles ; and then thoſe Quantities 
| - e 
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L ECTURE 1. 
are ſaid to be denoted or expreſſed by the 


Others that are ſubſtituted for them. And 
therefore when one of thoſe Quantities is 
faid to be multiplied or divided by ano- 
ther, the meaning is that the Quantities, 
by which they are reſpectively expreſſed, 
are multiplied or divided one by the 
- other : as when the Velocity of a Body 1s 
ſaid to be multiplied into the Time of 
its Motion, it is meant that the Numbers 
or Lines that exprels theſe 8 are 


ec by each other. 


WuxN one Quantity ſo depends on an· 
other that it always encreaſes or diminiſhes 
in the ſame Proportion in which that 
other is increaſed or diminiſhed, one of 
| theſe Quantities is ſaid to be directly as the 
other, or directly proportional to the 
other. This manner of expreſſion is 
_ uſed ſor the ſake of brevity, for though 
but two Quantities are expreſſed, yet four 
at leaſt are always underſtood, and the 
expreſſion implies, that if each of the 


two Quantities be compared with another 


of its own kind, each of them will have 
the ſame Proportion to the one with 
which it is compared. For inſtance, when 


a Oy moves for ne given or deter- 


mined 


mir 
den 


Tir 


$ tio! 


the 


thi 


1 K 6 1 0 Hh ike 


mined Time, ſuppoſe a minute, it is evi- 
dent that the Space it deſcribes in that 
Time will be greater or leſs in Propor- 
tion as its Velocity is greater or leſs, and 
therefore the Space deſcribed in that Time 
is ſaid to be directly as its Velocity, and 


this implies, that if two Spaces deſcribed 
in equal Times be compared, they will 


have the ſame Proportion to each other 


as the two Velocities have, wherewith they 
were deſcribed. = | 
Wu one Quantity depends on two _ 
others jointly, ſo that it increaſes or di- 
miniſhes in the ſame Proportion in which 
either of them is increaſed or diminiſhed, 


while the other remains unvaried ; then, 
if they are both varied, it will increaſe or 


diminiſh in the ſame Proportion in which 


the product of theſe Quantities is increaſ- 


ed or diminiſhed : for it is evident that 


the product of theſe two Quantities de- 
pends on them jointly, in the ſame man- 


ner that the firſt Quantity was ſaid 10 do, 
becauſe it increaſes or diminiſhes in the 
ſame Proportion in which either of them 


is increaſed or diminiſhed while the other 


remains unvaried : and therefore, when _ 
any Quantity depends on two others joint- 


I, 


: 
\ 7, 


Motion remains the 


LECTURE 7. 
tbr, in the manner abovementioned, it 
will be directly proportional to their pro- 


duct. To illuſtrate this by an example; 


the Space which a moving Body deſcribes 
depends on its Velocity and the Time of 


its Motion jointly: for it is evident that 
the Space it deſcribes will be proportional 


1 118. Velocity, when the Time of its 
ſame, and to the 
Time of its Motion when its Velo— 
city remains the ſame. 
all caſes the Space which a Body de- 
ſcribes will be directly 


to expreſs this more fully, if the Spaces 


deſcribed by two Bodies be compared to- 


gether, they will have the ſame propor- 


tion to each other which the two products 


have, that ariſe from multiplying the 
Velocity of each Body into the Time of 
its Motion. And theſe products will be 


dendted either by two Numbers or two 
ReQangles according as the Velocities and 
Times were denoted by Numbers or Lines. 
Now as the proportion of any two pro- 


ducts in Numbers, or of two Rectangles, 


is N of the proportions of their 


— 


Therefore in 


as the product 
which ariſes from multiply ing its Ve- 
locity into the time of its Motion. Or, 
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reſpective Factors, or of their reſpective 
Sides ; ſo the Spaces deſcribed by uni- 
form Velocities are commonly ſaid to 
be to each other in a proportion com- 
pounded of the proportions of the Ve- 
locities and of the Times of the Mo- 
tion. | „„ 5 

WN one Quantity ſo depends on 


another, that it increaſes in the ſame 


proportion in which that other is dimi- 
niſhed, and diminiſhes. in the ſame pro- 
portion in which that other 1s increaſed; 


one of theſe Quantities is ſaid to be in- 


verſely or reciprocally proportional to 
the other. For inſtance, when a Body 


deſcribes any given or determined Space, 


it is evident that the time, in which it 
deſcribes this ſpace, will increaſe or dimi- 
niſh in the ſame proportion in which its 
velocity is diminiſhed or increaſed. There- 


fore in this caſe, the time of the Body's | 


Motion is ſaid to be inverſely as its 
velocity, and its velocity is ſaid to be 
inverſely as the Time of its Motion. Or 
to expreſs the ſame thing more fully, 
when two Bodies deſcribe equal Spaces, 
the Times of their Motions, when com- 


pared Wer, are to each other in the in- 
verſe . 


varied, this 
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verſe proportion of their Velocities; that 
is the Time of the ſlower Body's Moti- 


on is to the Time of the ſwifter Bo- 
dy's Motion, as the Velocity of the ſwifter 


Body to the Velocity of the ſlower. 


WuxN one Quantity depends on two 
others jointly in ſuch manner that it is 
direaly proportional to the firſt, when 
the ſecond is unvaried, and inverſely 


proportional to the ſecond when the 
firſt is unvaried ; then, if they are both 
Quantity will be directly as 
the quotient, which ariſes from dividing 


the firſt of theſe two Quantities by the 
ſecond. For it is evident that the quo- 


tient of theſe two Quantities depends 

in the ſame manner 
that the firſt mentioned Quantity was 

ſaid to do. 


on them both, 


Becauſe the quotient of 
any two Quantities is directly proportional 


to the dividend when the diviſor is un- 
varied, and inverſely proportional to the 
diviſor when the dividend is unvaried. 
For inſtance, the Velocity with which a 
Body moves is directly as the Space it 
deſcribes, when the Time of its Motion 
is unvaried, 


and inverſely as the Ti me | 
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ok its Motion, when the Space it de- 


ſcribes is unvaried; therefore when the 


Space which a Body deſcribes, and the 


Time of its Motion are both varied, its 
Velocity will be directly as the Ouoti- 


ent which ariſes from dividing the Space 
it deſcribes by the Time of its Motion. 


Or to expreſs this more fully, the Velo- 
cities of two moving Bodies, when com- 
pared together, will be to each other di- 
rectly as the Spaces they deſcribe di- 


_ vided by the reſpective Times of their 
Motion. Now as the Proportion of any 


two Ouotients is compounded of the 


direct Proportions of the Dividends and 


the inverſe Proportion of the Diviſors; 
ſo the Velocities of two Bodies are com- 
monly ſaid to be to each other in a 
Proportion compounded of the direct 


Proportion of the Spaces deſcribed, and 
the inverſe Proportion of the Times of 


their Motions. 

I nav choſen to illuſtrate theſe ſe- 
veral methods of expreſſing the Pro- 
portions of Phyſical Quantities, by ap- 
plying them to the Quantities of Velo- 
cities, Times and Spaces, becauſe our 
ideas of them are moſt clear and ſim- 

Fo 5 — BY le, 
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ple, and they are ſuch Quantities as 
occur moſt frequently in philoſophical 
and aſtronomical computations. | 


I sHALL now, from What has been 
ſaid, ſhew how we are to compute the 


Proportions which the Quantities of 
Motion or Forces of moving Bodies 
have to each other. 

TE Quantity of Motion, or momen- 
tum, of a Body 
it moves. 


And this muſt always be pro- 


portional to the Force of that Impulſe 


which is able either to produce or de- 
ſtroy its Motion, for a Body cannot of 


itſelf produce its own Motion, or make 
therefore 


any alteration therein, and 
whatever Motion it has muſt be pro- 
portional to the Force that produces it. 
Now if a certain Impulſe or Force im- 
preſſed on a Body, be able to give it 
a certain Velocity, then an Impulſe of 


a double or triple Force muſt produce a 
double or triple effect, that is, muſt give 


the Body a double or triple Velocity, 


and therefore in general the Velocity 


with which one and the ſame Body 
moves is proportional to the Force im- 


5 preſſed; but the Fo. orce with which that 
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Body moves is alſo proportional to the 


Force impreſſed, and therefore muſt be 
proportional to its Velocity. But fur- 
ther, as the Force of a Body in Motion 
is compoſed of the Forces of all its Parts, 
which move with the ſame Velocity 


that the whole does, it is evident that 


the Force of a moving Body muſt be pro- 
portional to the number of its Parts, that 
is, to its Quantity of Matter, while its 
is the ſame. Since therefore 
the Forces of moving Bodies are directly 
as their Velocities when their Quanti- 
ties of Matter are equal, and directly 
as their Quantities of Matter when their 


2 Velocities are equal, it follows, from what 


was ſaid before, that their Forces will, 


fi all caſes, be to each other as the . 


ducts which ariſe from multiplying their 
Quantities of Matter into their reſpective 
Velocities. | 

HENck it follows that if the Forces 


of two Bodies be divided by their re- 


ſpective Velocities, the Quotients will ex- 
uantities of Matter, or if 
their Forces be divided by their reſpec- 


tive Quantities of Matter, the Quotients 


will exprels their Velocities. This muſt 
D 2 | appear 
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7 appear evident, when we conſider that 
[x the Force or Quantity of Motion in each 
Body is expreſſed by the Product of its 
Velocity multiplied into its Quantity of - 
Matter, and that when the Product of ? 
any two Quantities is divided by one of 
| them, the other will be the Quotient. 
| | Ix follows, from what has been proved, 
i 


that two Bodies will move with the ſame _ 

Force if their Velocities be to each other * 
| inverſely as their Quantities of Matter. 

MT | For in that caſe the Products will be equal, 
if | 
| 


which ariſe from multiplying the Velocity 

of each Body into 1ts Quantity of Matter. 

Will If therefore two Bodies be given, howe- 

0 ver unequal in their Quantities of Matter, | 

0 they may be made to move with equal _ ' 
Forces; by making the Velocity of the _ 
leſſer Body exceed that of the oreater, -M --:: 
in the ſame Proportion in which the 


Quantity of Matter of the greater exceeds 
that of the leſſer, 
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k.. U S the eſſential Inertneſs of Mat- 


* A ter precludes all inanimate Bo- 


. dies from having any Activity 
= of their own or Propenſity to 
change their State, whether of Reſt or 
Motion; the various Motions of ſuch Bo- 
dies, in the ſeveral Operations of Nature, 
muſt ariſe from certain Forces impreſſed 
3 upon 
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upon them by their Creator, either im- 


mediately, or by means of ſecondary 


Czuſes, which OR muſt be actu- 
ates by Him. | 
ux Nature of theſe Forces muſt now 


be confidered, and we ſhall find that the 


wile buſineſs of Philoſophy conſiſts, 
Fit, in proving the Exiſtence of theſe 


Forces from ſuch fimple and obvious 
Effects as cannot well be aſcribed to any 


other immediate Cauſe. 


SECONDLY ; in diſcovering the laws | 
according to which theſe Forces are made 
to act, by carefully attending to the 


Nature of their Effects. 
TrizpLyY; in aſſuming theſe Forces 
as Principles or Cauſes, and from thence, 
_ explaining the ſeveral Phenomena ; al- 
ways proving our Explanations by ma- 
thematical Reaſoning, or other juſt me- 
thods of arguing, founded on the eſſen- 
tial Froperties of Matter and Laws of. 


FourTHLY ; in endeavouring to ins 
veſtigate the Cauſes, from whence theſe 
Forces immediately ariſe, and in dedu- 


cing Cauſes from Effects, till we come 


to the very firſt Cauſe, which certainly 
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is not mechanical, that is, cannot conſiſt 
in any Properties of Matter or Motion, 


And though every true ſtep in this 
Philoſophy does not bring us immedi- 
ately to the knowledge of the firſt Cauſe, 
yet it brings us nearer to it, and on that 


account is highly to be valued. 


I sHALL now briefly enumerate the 
principal Forces by which Bodies are 
acted upon, and afterwards treat of each 
of them in their order, and the ſeveral 


Phœnomena that ariſe from them. 


 FinsT ; The particles of Bodies, eſpe- 


cially of ſuch as are hard, muſt be made 
to cohere or ſlick together by ſome cer- 
tain Force, ſince a conſiderable Force is 


neceſſary to ſeparate.them from each other. 
For if the parts of a Body continued to- 
gether merely from their vis mere, and 
becauſe they are at reſt among them- 
ſelves, (as ſome have imagined) it could 


not then require à greater Force to ſepa- 


1 


fate them from each other than it does to 
hove the whole Body from its place. 
So that the vis merize of Matter can 
never cauſe the parts of Bodies to ſtick 
together, and conſequently ſome Force 
muſt be impreſſed upon them to pro- 
duce 
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duce this effect, which Force is called cCont 
the Attraction of Coheſion, The 
SECONDLY ; If I let a Body go from Attr 
my hand, tho' I do not give it any Im- ＋ 
pulſe, yet it will immediately move to- be 
wards the center of the Earth; and if leat 
it be projected in any direction oblique be 
to the Horizon it will not move on uni- keep 
formly, and in a right line, as it ou ght act 
to do by the firſt Law of Motion, b tra 
will be made to move in a curve till it 
reaches the Earth; which plainly ack gag 
that ſome Force continually acts upon it, na 
to turn it from the rectilineal Courſe, { thi 
which it would otherwiſe purſue. This tat 
Force 1s called Gravity, or the Attrathon 2 a 
| Gravitation, ar 
TrirDLyY ; if a load- fone and a piece y  C 
of iron be ſuſpended near each other, r. 
or made to float on water, they will 1 
approach towards each other and flick 1 


together when they come into contact. 
Two pieces of iron, properly rubbed on 
a load-ſtone, will alſo come together ii 
the ſame Manner, and in fame Caſes Þ -1 
they will recede or fly from each other 
and from the Magnet; which ſhews that 
aà Force then. takes place, that is of a 
ter 


led 
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| contrary nature to the former One. 
© Theſe two Forces are called Magnetic 
© Attraftion and Repulfion. 


 FourtnLy; if amber, glaſs or wax 


be rubbed briſkly with a piece of dry 
leather, any light Bodies near them will 
be firſt drawn towards them, and then 
7 repelled from them. The Forces which 


act in this Caſe are called Eleftric At- 
traftion and Repuljuon. 0 

ThOUGHö the beſt Philoſophers have 
agreed in calling theſe Forces by the 


names of Attraction and Repulſion, yet 
1 they intend thereby only to denote cer- 


tain Cauſes or Powers, whatever they 
are, that produce well known Effects, 


and not to expreſs the Nature of theſe 


Cauſes or the Manner in which they ope- 
rate. And as there is a manifeſt convenience 
in having names for theſe general Cauſes 


which muſt be ſo often mentioned, to 
3 object to the uſe of theſe words, as ſome 
1 chase lately done, is but diſputing merely 


about names, and could ariſe only from 


not knowing the proper ſenſe in which 


theſe words are to be taken. We may 
alſo conſider theſe Forces, till their Cauſes 
are found out, as Powers or Qualities 

COT with 
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with which Bodies have been endued 
for carrying on the es of Na- 


ture. 


Taz Attraction of Coheſion, tho it has 
but very little effect, even at mall diſt - 
ances, yet is ſufficient to make the Parts 
of Bodies, when brought into cloſe con- 
tact, unite firmly together. Thus if two 


plates, made of any Matter that takes a 
fine poliſh, be preſſed together, they will 
ple Force, and much 
more ſtrongly if they be moiſtened by 
any liquid which excludes the air, and 
fills up their {mall ſeratches and ine- 


cohere with a ſer 


qualities. 
Tuls kind of Attraction appears re- 


markably i in thoſe Bodies that are tena- 


cious or vilcid, ſuch as wax, pitch, or 


bird-lime, which, being ſoft, are eaſily 
brought into doſe 0 with other 
and adhere ſtrongly to almoſt 
every thing they touch: 
Body is very ſoft and viſcid, if it be 


Bodies, 


ſtretched out, it will run dock again and 


contract itſelf into a narrower compaſs, 


which plainly ſhews a tendency of the 
| paris: to each other, 


Tax 


and when a 3 


lued 
Na- 


has 
lift - 
arts 
on- 


NA 
Fa 


I 


: rical ſhape, 
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Taz particles of Fluids tho' ſo eaſily 
pragey are not entirely void of this 


kind of Attraction, for the drops of all 
Fluids affect a round figure, which muſt 


I ariſe from their particles running to- 


Leecher ſo as to be all contained within 


1 the ſmalleſt dimenſions, as they are when 
the drop has a ſpherical ſhape; in like 


manner two drops of water or clean 


quickſilver, when brought into contact, 


; run immediately into qne drop. When a 
mall quantity 


of Quickſilver is poured 
on Paper, its drops Mill retain their ſphe- 
which ſhews that the At- 
traction of its Particles to each other is 
ſo great that their weight is not able to 
ſeparate them, and make them ſpread 


over the Paper as a drop of Water 


would do: but if the Quickſilver be laid 


on any clean metalline Body (except Iron) 


it will ſpread upon its Surface, its Par- 
ticles being more attracted by the Metal 


each other. 


than by | 
Attraction between F 11 and 


ur 


; hard Bodies will further appear from 
the following obſervations. 


Warts always riſes ſomewhat about 


the ſides of the veſlel 1 in which it 1s con- 


tained, 
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tained, and if the veſſel be very narrow 


the 0 of the Water will be viſibly 


concave towards the middle. The ſame 


thing will happen when Mercury is con- 


tained in a veſſel made of any metal 


that attracts its particles more ſtrongly 
than they do each other; but in other 
veſſels the Mercury will be depreſſed 
round the edges and convex in the 
middle, its particles being more attract- 


ed by each other than by the ſides of the 


veſſel. Water riſes in the like manner 3 
: round a Glaſs Bubble that floats on 
its ſurface, and when the veſſel is nar- 
row, as the Water is concave towards | 
the middle, it muſt riſe higheſt between the 
Bubble and the ſide of the veſſel neareſt 


to it, therefore the Attraction of the Wa- 


ter being ſtrongeſt on that part of the 
Bubble, will make it move towards the 
fide of the veſſel, which it will do with 
an accelerated Motion. I know this has 
been aſcribed to an Attraction between 


the Bubble and the ſide of the veſſel, 


but that cannot be the "caſe, for the 
Bubble, when it floats freely on the Wa- 
ter, will not be in the leaſt affected by 
the Attraction of a Glals Tube, or any 


other 


mern un n, 


7 other Body tho' held almoſt in contact 
with it; but if the Glaſs Tube be « ipped 
in the Water, the Bubble will immei- 
* ately run to it, which ſhews that it is af- 
” fefted only by the Attraction of the Wa- 
ter, which then riſes between it and the 
Tube. Beſides if the veſſel be filled till 
the Water riſes a little above the edge, 
the Bubble will quit the edge and move 
towards the middle, where the Water is 
then higheſt. And if two clean Glaſ-bub- 
bles float near each other they will come 
together, becauſe the Water riſes higher 
between them than it does on their oppo- 
ſite ſides : but if the Bubbles be greaſed ſo 
that the Water may not riſe about them, 
they will not approach each other, for 
the attraction of the Bubbles themſelves. 
is too weak even at {mall diſtances to bring 
them together, and overcome the reſiſt- 


ance they meet with in moving through 
the Water: indeed when the floating Bo- ö 
dies are very large, their Attraction may be 
able to overcome this reſiſtance; and ac. f 
cordingly we find that large ſhips floating _ . 
near each other in a calm are with difficulty = 
kept from coming together. Es wh 1 
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certain tendency in the minute particles 
prove the exiſtence of fome Force which 
tho we do not diſcover the nature of this 


Force, or its manner of acting, yet, ha- 
ving proved its exiſtence, we may aſſume 


Phœnomena of a more complicated na- 


for other effects of the like kind. 
Warn the orifice of a ſmall Glass 


ſtill draw up the Water that lies immedi- 
ately under it, and make it aſcend into the 


is drawn in, will raiſe up that which lies 
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Al theſe Phœnomena, which are of 
the moſt ſimple kind, clearly point out a 


| Matter to each other, and conſequently 


muſt be the cauſe of this tendency ; and 


it as a natural principle of Motion, and 
proceed from thence to explain other 


ture than thoſe before mentioned. Thus 
we may on this Principle account for the 
_ riſing of Fluids in Capillary Tubes, and : 


Tube, open at both ends, is dipped in 
Water, the little Ring or ſmall annular 
Surface of Glaſs that lies on the inſide of 
the Tube, and juſt over the Orifice, will 


Tube, and every Plate of Water, as it 


above it, until the weight of the Water 
raiſed is able to counterbalance the Force 


b which the Attracting Annulus endea- 
vours 
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vours to draw in mow: Water: if the 


Orifice of the Tube be = of an inch in 
diameter, the Water will riſe to the height 
of about-, of an inch, and then remain 


fulpended.. The thin Plate of Water that 
lies juſt over the loweſt Annulus, and 
every other Plate of the elevated Water, 
muſt be drawn both upwards and down- 
wards with equal Forces, becauſe it has 
equal attracting Surfaces above and below 


it, and therefore the whole Column of 


elevated Water which lies above the loweſt 
Annulus being drawn equally in oppoſite 
directions, may be conſidered as not at all 


affected by the Attraction of the Glaſs, 
and muſt preſs with its whole weight on 
the Water which is retained at the Orifice 
of the Tube, by the Force of that loweſt 


Annulus that has no other Surface below 


it to counteract its Attraction. 


From this way of reaſoning it ſeems 
evident that the aſcent and ſuſpenſion of 


Water in theſe Tubes are entirely owing 


to the Action of the very lowelt Glaſs An: 
nulus that hes juſt over the Orifice, and 


not to that of the Annulus which hes 


over the elevated Water, or of any other i 


E 2 part 


en Us 


part of the internal Surface of the Tube, 
as hitherto has been imagined. However 
as what I have advanced is contrary to the 
received opinion, it may be neceſſary to 
confirm it by the following Experiment. 
WEN the Water has aſcended into a 
| ſmall Glaſs Tube, take it up, wipe off the 
Drop that hangs at the end of it, and in- 
vert the Tube; the ſmall Column of in- 
cluded Water, being then drawn equally 5 ; 
by the Glaſs in oppoſite directions, will 
deſcend by its own weight, and not ſtop ® 


till it arrives at the other Orifice ; which 
| ſhews that the Force which keeps it fuſl- KW 
pended lies there. And if, while the in- 4 
adluded column is deſcending, the loweſt 
end of the Tube be dipped in Water and | 
j taken up, a ſmall Plate of Water will be <q 
|] retained at its Orifice, and the included 1 
jt Column will remain ſuſpended ; now this f 
Column of Water muſt, by means of 11 
| the intermediate Air, preſs with its whole IB 
1 weight on tlie ſmall Plate of Water at the 11 
. Orifice, and this Plate can be retained 12 
| there by no other Foree than the Attrac- MR b 
f tion of the Glaſs Annulus that lies juſt t 
within the Orifice of the Tube: and . 


therefore it appears that this Attraction ; f 
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in narrow tubes than 
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alone is ſufficient to ſuſtain, and conſe- 


quently to raiſe all the Water that ſeems 
ſpontaneoully to aſcend into a Glaſs Tube. 


Tars attracting annular ſurface on the 


inſide of the tube is of a very ſmall 
breadth, becauſe the action of the glaſs 


extends to but a very ſmall diſtance, and as 


it is of the ſame breadth in different tubes, 


its quantity, or the number of attracting 


particles, muſt be proportional to the dia- 


meter of the tube, conſequently in cylin- 


drical tubes the quantities of Water raiſed 
muſt be as their diameters, and there- 
fore the altitudes of the cylindrical co- 
lumns of Water raiſed will be inverſely 
as their diameters ; becauſe when cylin- 
ders are to each other as their diameters, 
they muſt have their heights inverſely 
Proportional to their diameters; and 


this is the reaſon why Water riſes higher 


in wide ones. 


But having meaſured, as accurately as 


I could, the diameters of ſeveral tubes 
and the heights to which the ſame fluid 


roſe in each, I found in a great many 


trials that theſe heights. were not exactly 


in the inverſe proportion of the diameters, _ 
for in the narrow tubes the Fluid always 
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roſe higher than it ſhould 40 according 
to that proportion. 


Ab indeed there ſeems to be a KEW 


: reaſon for this, for in narrow tubes the 
oppoſite attracting particles being cloſer 


together act more in conjunction in draw- 


ing up the Fluid, and being alſo nearer 
to the middle Parts of the F luid, they 
muſt on that account act more forcibly 
in raving and ſuſtaining it. 


WUEN a drop of water or any thin 


oil, is included in a ſmall conical glaſs 
tube, open at both ends, it will run with. 
an accelerated Motion to the narroweſt 
end, although that end be raiſed ſome- 
what higher than the other ; the reaſon 
of which may be thus ſhewn, Let the | 
* lines AB and CD repweſent the ſides | 
of a ſmall conical tube and let -P--be%- | 
particle in the included drop, from | 
which draw PE and PF perpendicu- 7? 
lar to the oppoſite ſides of the tube; 
| theſe ſides muſt exert their attractions on. 
the particle P in the directions of the 
lines PE and PF, and therefore theſe 


Forces (as ſhall be ſhewn when I come 
to treat of the compoſition of Motion) 
ng by their point action make the par- 

;  ticle 


See Fig. 1. 
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aſunder. 
f tracting glaſs ſurfaces will in this caſe be 
ſtill the ſame, whatever be the diſtance 
between the planes, the quantity of ele- 

vated Water muſt ſtill be the ſame. 


: concourſe of the Planes : 
ſurface of the elevated Water will form a 
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ticle p move in the direction of a line 
PG, drawn thro' the angle EP F and 
pointing towards the ſmalleſt end of the 


tube, and conſequently the whole _—_ 
muſt move towards that end. 


Fox the fame reaſon that Water riſes 
in ſmall cylindrical tubes, it will riſe be- 


tween two glaſs planes ſet parallel to 


each other, and kept at a ſmall diſtance 
And fince the quantity of at- 


Therefore in whatever proportion the 


diſtance between the planes is diminiſhed, 
the height of the elevated Water 
be increaſed. And therefore, if the edges 
of the Planes are made to meet on one 
ſide, and the oppoſite edges are kept at 
on Final diſtance from each other, 
= elevated Water 


muſt 


the 
will have t 
heigths at different diſtances from the 
ſo that the 


regular curve, riſing from the ſurface of 


N the Water in the veſſel towards the con- 


courſe 


r ˙ rr 72 2 — 0" ou 
r . — .. — — > — — — — 
— — — ies Sas 


— ——— — reno rr— 
— 7 * — „ — — 
* Pax •˙‚— UE WP 8 —— — — 1 — 


4 e e . 


courſe of the Planes. Let the * line AB © 


repreſent the concourſe of two glaſs. 
Planes, whoſe oppoſite edges at CO 
are kept at a ſmall diſtance from each 
other, and let A C be the ſurface of 


the Water in which the lower edges of 
of the Planes are immerſed; the curve 


line K LMN will repreſent the ſur- 
face of the Water elevated between the 


Planes by their attraction. Now if any 


two columns of this elevated Water, as 
DL and FM be taken of very ſmall 55 
but equal breadths as DL and FG, 


theſe columns will contain equal quanti- 


ties of Water, being ſuſtained by equal 


portions of the attracting Planes; there- | 


fore the heights of theſe columns muſt 


be inverſely as their thickneſs, that is DIL. 


muſt be to F M as the interval between 
the Planes at F is to their interval at 


D, but theſe intervals are to each other 


as AF and A D their diſtances from 
the concourſe of the Planes, therefore 
the heights of any two columns of the 
elevated Water are to each other inverſely 


as their diſtances from the concourle of 
the Planes. 


See Fig. 2, 


LECTURE it uv 


br two well poliſhed Planes of Glaſs 
be laid together, fo that the loweſt may be 
parallel to the Horizon, and the other 
may make with it a ſmall Angle of about 
a a quarter of a Degree; the mward ſides 
'r of the Planes being well moiſtened with 
any thin Oil, let a Drop of the ſame Oil 
be put in with a Feather, ſo that it may bo 
touch both Planes, it will begin to mowe 
> towards their Concourſe. for the ſme | 


7 reaſon that it would move towards the 5 
- narroweſt end of a {mall conical Tube; ? 
and notwithſtanding the ſide where the 8 


Planes meet be ſomewhat elevated, the 
Drop will continue to aſcend, until the 
” elevation of the Planes becomes ſo great 
| that the weight of the Drop, which is al- 
ways proportional to that elevation, will 


Rr 
7 n 


be ſufficient to counteract the Force by 9 
which the Drop is drawn towards the con- L 
courſe of the Planes. E 


_ Now by obſerving the Sovations of the 
e . Planes that are neceſſary to ſtop the moti- 
e on of the Drop when at different diſtances 
y from the concourſe of the Planes, it has 
been found that equal quantities of the 
__ =* Glaks Surfaces, taken at ſeveral diſtances 
11 2 from the concourſe of the Planes, exert 
attractive 
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attractive Forces on the :ncuded - Drop 
that are to each other in the inverſe pro- 
Portion of thoſe diſtances, that is, the 
Force with which the Drop is attracted by 
the Planes, when placed at the diſtance of 
fix inches from their concourſe, is but 
one half of the Force with which it 
would be attracted at three inches, and 
but a ſixth part of the Force with which 
it would be attracted at the diſtance of 
one inch from the concourſe ; ſuppoſing 
the Drop not to ſpread but to be ſtill 
touched by equal ſurfaces of the Glaſs: 
(s) and therefore the Attraction of the 
Glaſs 
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a 15 is evident that the candles of Surface 
cover which the Drop ſpreads muſt increaſe as 
the thickneſs of the Drop diminiſhes, that is, 
as its diſtance from the concourſe of the Planes 
_ diminiſhes; therefore the ſame Drop at three 
inches from the concourſe will ſpread over dou- 

ble the Quantity of Surface that it does at ſix 
inches from the concourſe. Now experiments 
ſhew that the elevations of the Planes neceſſary 
to ſtop the Motion of the Drop at theſe diſ- 
tances are to each other as four and one, and 
therefore the Attraction of the double Surface 
at three inches from the concourſe is four times 
greater than the Attraction of the ſingle Surface 
Es e 1 
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! Glaſs Sartre grows greater in the , 
proportion as their diſtance from each 


other grows leſs; conſequently where the 
diſtance between them 1s exceeding {mall 


their Attraction muſt be exceeding great. 
Six Jaac Newton, who mentions this 
Experiment, in the Queries at the end of 


his Opticks, computes that where the 
thickneſs of the Oil between the Planes 
is about the two millioneth part of an 
inch, the Attraction will be ſo great as to 

be able to ſuſtain, within a circle of an 
inch in diameter, the weight of a Column 

of Water two or three furlongs in length, 


and where it is of a leſs thickneſs the 


Attraction will be proportionally greater, 


and will continue to increaſe until the 
thickneſs does not exceed that of a ſingle 
particle of oil. There are therefore 


agents in nature able to make the par- 
ticles of Bodies ſtick er with very 


ſtrong attractions. 
In all the experiments already menti- 
oned, the Phenomena happen exactly 


at ix inches from the concourſe ; conſequently 


the Attractions of equal Surfaces at thoſe diſ- 


tances are to each other as two and one,. 


1 
* , 
© 
149 
15 > 
** 
? 75 
1 
[ 
v# T 
. , 
4 
x 


48 LECTURE II. 


in the fame manner in vacuo, that 


they do in the open air, and therefore 


they cannot be owing to the preſſure of 


the atmoſphere; but muſt neceſſarily be 
aſcribed to ſome power which cauſes the 
particles of the Fluid to tend more to 
the Glaſs than to each other. And if 


any Fluid be employed in theſe Expe- 5 
riments whoſe particles tend more to 


each other than to the Glaſs, the ef- 


fects will then be the reverſe of the 
former ones. Now ge is ſuch a = 
Fluid, for tho' its particles are attrafied |? 
by Glaſs (as appears from their ſticking ® 
to * back of a looking; glaſs) yet they 


are more ſtrongly attracted by each 


| cher; and therefore when a ſmall Glaſs 


Tube is immerſed in Mercury it does not 


riſe ſo high within the Tube as it is in 
the veſſel: and when two Glaſs Planes, 


that make a ſmall angle with each other, 
and ſtand perpendicular to the horizon, 
are immerſed to ſome depth in a vellel 
of Mercury, it will be higheſt between 
the Planes where they are fartheſt aſ- 


ſunder, and loweſt towards their con- 


courſe ; ; 
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courſe - which is the reverſe of what hap- 


pens when Water is included between 
thoſe Planes. 


Ir clean Mercury, well purged of air, 


be carefully poured into a clean Glaſs 
Tube, of about 70 inches long, ſo that 
its parts may be every where contiguous 
to each other and to the Glaſs, it has 


been found upon inverting the Tube, 
that the whole Mercury would remain 


ſuſpended. Now the preſſure of the At- 
moſphere could only ſupport about 29 or | 
30 inches of Mercury, and therefore 
| ſome other agent muſt have ſuſtained 
the reſt, not by preſſing the Mercury 
into the Glaſs, but by making its parts 
adhere to the Glaſs and to one another; 
for upon any diſcontinuation of parts, 


made either by bubbles intervening or 
by ſhaking the Glaſs, the whole Mercury 
falls down to 12 75 height of 29 or 30 


inches, 


Ir ſeems to be by the ſame attrac- 


tive Force, with which ſmall pipes and 


capillary tubes are endued, that ſponges 
and other dry porous Bodies draw in 


| Water, and the glands in the Bodies 


of Animals, according to their ſeveral 


F 8 natures 
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natures and diſpoſitions, take in various 
juices from the Blood; and Plants re- 


ceive nouriſhment from the Earth, the 
ſmall Tubes whereof their roots are 


compoſed, taking in different juices 
according to their different conſtitu- 
tions; juſt as the ſame capillary Tube 
of Glaſs acts differently on different li- 


quors, which therefore will not all aſ- 


cend in it to the ſame height; for 


Water, though heavier than Spirit of 


Wine, will 3 near twice as high in 
the ſame Tube, which ſhews it is twice as 


ſtrongly attracted by the Glaſs. It has 


been alſo obſerved, that Tubes made of 


different kinds of Glaſs will attract the 


ſame Liquor with different Forces, and 
cCauſe it to aſcend to different heights. 


Many other Operations of Nature 


ſeem to be carried on merely by means 
of this Attraction that obtains among the 


minute particles of Bodies ; particularly 


moſt of the Operations in Chymiſtry 
ſeem ſcarce explicable on any other 
principle. But as that ſubje& is not 


within my province I ſhall enter into it 
no further than to give ſome account of 


that common Operation, the Solution of 
Bodies 


„ 


Je 
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Bodies in Fluids, which 1 ſhall have 


occaſion to make uſe of hereafter in 
explaining certain Phœnomena. 
Wx the Particles of a Body, ſur- 
rounded by a Fluid, are leſs ſtrongly at- 
tracted by each other than by the Fluid, 
they mult ſeparate from each other and 
Join themſelves to the Particles of the 
Fluid, and remain ſuſpended therein. 
Thus various Salts are diſſolved in Wa- 
ter, and Metals and other Bodies in the 


Liquors that are reſpectively adapted to 


their Solution. . 

Uro the various degrees of Attrac- 
tion between different Subſtances de- 
pend almoſt all the Phœnomena which 


Chymiſtry exhibits, and therefore it has 


been found of great uſe to have Tables 
compoſed wherein thoſe mutual Attrac- 
tions are ſet down according to the dif- 
ferent degrees in which they are found 
to obtain between ſeveral Bodies. Theſe 
are called tables of Afinitzes, or Elective 


Attrattions, and as this is a curious ſub- 


ject, I ſhall illuſtrate it by che follow 


ing inſtance. 
. WIEN 


3 reel. 
WuxN Silver is diſſolved in Aqua- 


tre, if Filings of Copper be thrown into 
the Solution, the Aqua-fortis will diſſolve 


ill be precipitated to the Bottom in the 


Per will fall to. the bottom. And 


greater affinity, or a ſtronger Attraction 

to the alkaline Salt than to any of 
the Metals, and it attracts the Iron, 
the Copper and the Silver with differ- 
ent degrees of ſtrength ; and very ſtrong 
muſt theſe Attractions be, ſince they 
are able to ſeparate from each other 
the Particles of ſuch hard Metals. 


Copper (as it is called) by laying bars 


Zi Copper- -mine, and which is impreg- 


the Copper and quit the Silver, which 


Form of a white Powder: if then 
Filings of Iron be thrown in, they will 
in like manner be diſſolved, and the Cop- 


laſtly, if Salt of Tartar, or any other 
alkaline Salt be thrown in, the Aqua- 


fortis will unite with it and diſmiſs the 
Iron. This acid Spirit has therefore a 


From hence we may ſee the nature 
of that Operation of turning Iron into 


of Iron in Water that ſprings from 


nated 


fortis, which is the acid Spirit of Ni- [ : 
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LEUN . 5 
nated with Particles of Copper diſſolved 
in a mineral acid. This is by no 
means a tranſmutation of one metal 
into another, but the acid having a 
oreater affinity with the Iron than it 
has with Copper, corrodes and diſſolves 
the Iron, and leaves the Particles of 
Copper in its place, which adhere to- 
here together in {mall ſcales; ſo that 
after ſome time the Bar is found in- 
cruſted with Copper, and moſt part of 
the Iron is carried off by the Water. 
Tuksk different degrees of Attrac- 
tion between the minute Particles of 
Matter ſeem to be the immediate cauſe 
of all the ſeveral degrees of hardneſs 
and ſoftneſs that we find in different 
Bodies; for the ſtronger the Attraction, 
the more firmly muſt the Particles co- 
here, and the harder muſt the Body 
be which they compoſe. But how far 
| hardneſs and ſoftneſs may depend alſo 
on the ſize and ſhape of the ultimate 
and conſtituent Particles of Bodies we 
ſhall probably never be able to deter- 
mine, becauſe they are too minute to 
fall under the cognizance of our ſenſes. 
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eee iR 


Is many caſes when the Particles 


are placed without the ſphere of each 


other's Attraction, a repelling Force pre- 
vails among them; for two poliſhed 
Plates of Marble, which by immediate 


contact cohere together, are with diffi- 


culty brought into contact, and the 


oObject-glaſſes of long Teleſcopes lie upon 


one another without touching, as ap- 


pears by the colours which the air be- 


tween them exhibits. From the ſame 
repelling power it ſeems to be that 
Flies walk upon the Water without 
wetting their feet, and that the Par- 
ticles of dry Powders are with diffi- 
culty made to touch one another ſo 
as to ſtick together. The Particles of 


Fluids, when ſeparated by heat, are turn- 


ed into an elaſtic ſteam, which, if con- 
fined and ſufficiently heated, will burſt 
the ſtrongeſt veſſel. This repulſive 
Force ſeems alſo to be the cauſe of 


the emiſſion and reflection of the rays 


of light and of ſeveral other Phœno- 
mena that ſhall be taken notice of in | 


their proper places, 
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SDS H E fat kind: 61 Attrac- 
vj 1 1 tion I propoſed to treat of 


88 was Gravity, or that Force 
NS which cauſes all Bodies neat 
centre; and 
which prevents the earth's rapid Motion 


round the axis from the throwing oft 


the Bodies that lie on its Murken as 
it: 


it certainly would do were they not re- 


tained there by ſome FEE potent prin- 


f ciple. 


round Figure by the mutual tendency 
of their Parts to each other; 


and the prominences of the 


with reſpect to the earth's magnitude, 
that the whole may 


| ſphere. And ſuch it muſt appear to a 


ſpectator placed at a proper diſtance, juſt 
as the moon appears ſpherical to us, 
tho' a good teleſcope diſcovers greater 
inequalities on her Surface, than are to 
be met with on the Surface of the ; 


earth. 


ſeem to be general Forces affecting 
al Bodies, for their particles cohere to- 
_ gether when brought into cloſe contact, 


and the Bodies themſelves are all equally 
affected by the Force of Gravity. There 


is however tli difference between them, 
the coheſion of Bodies may be diminiſh- 


ed or deſtroyed, and when their par- 


ticles are ſeparated there is ſome natural 
Force 


As be drops of all Fluids affett a 


ſo the 

ſurface of our ſea muſt be ſpherical, | 
| ſince the waters every where tend to the 

Centre; 
land above the ocean, are ſo very ſmall 


be conſidered as a 


Tux Attractions of PW and Gra: 
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Force that makes them repel each other; 
whereas there is not any Body whoſe 
abſolute Gravity can be in the leaſt di- 
miniſhed. This Force by which a Body 
"tends to the centre of the earth is com- 
monly called its Weight, and the Weights 
of Bodies at equal diſtances from the 
centre are always proportional to the 


quantities of | ſolid Matter which they 


contain ; for all Bodies whatever, being 
let fall from the ſame height, deſcend 
with equal velocities, provided they meet 
with no reſiſtance from the air; as will 
appear from the following experiment. 
If a piece of gold and a feather be let 
fall from the top of a tall exhauſted 
Receiver at the ſame inſlant, they will 
both come to the bottom at the lame 

time. 

SINCE eon the At dne Fe orce 
of the earth cauſes all Bodies, that fall 
freely, to deſcend with the ſame velo- 


city; it follows that this Force muſt 
act equally on the particles of all Bodies 


whatever; and therefore it muſt act on 


every Body in proportion to its num- 
ber of Part. 
its quantity of Matter or its vis . 


icles, that is, in proportion to 


for 


e ˙ A ˙Qʃ:ʃ i — — 


. 
$6 LECTURE HE 
for otherwiſe it could not cauſe all Bo- 
dies to_ move downwards with the ſame 


velocity. Conſequently the weights of 


different Bodies, at equal diſtances from 
the centre of the earth, or the Forces 


with which they deſcend: freely, or en- | 


deavour to deſcend, 
as their quantities of Matter. 
thing may be proved thus ; 
begin together to deſcend fretly from a 
Nate of reſt, their quantities of Motion 


acquired in the ſame time muſt be pro- 
portional to the moving Forces, that is 
to their weights, but ſince they deſcend © 


with equal velocities, their quantities of 
Motion are alſo proportional to their 
8 of Matter; therefore their 
weights are likewiſe proportional to their 
quantities of Matter. Hence it is that 
the quantity of Matter in any Body 
may be juſtly eſtimated by its weight or 


the Force with which It endeavours to - 


deſcend. 


Tux attractive Force of the earth is 4 


are to each other 
The ſame : 
| when Bodies 
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found not to act equally on Bodies at 


all diſtances from its centre. Sir Tjaac 


Newton has demonſtr ated, that this Force 


ve the ſurface of the earth decreaſes 
in 
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in the ſame proportion that the ſquare of | 
the diſtance from the centre increaſes, 
that is, the Forces with which the earth 


acts on Bodies to put them in Motion, 
at different diſtances above the ſurface, 


are reciprocally as the ſquares of their 
2 diſtances from the centre. So that if 
a Body at the ſurface of the earth, 
* (whoſe diſtance from the centre is a- 
bout 4,000 miles) weighs four pounds 
and by the Force of Gravity falls thro' 
16 feet in a ſecond of time; it will at 
double that diſtance weigh but one pound, 
and will fall thro' but four feet in a 
2 ſecond of time. He has likewiſe proved 
that the Gravity of a Body at any place 
below the ſurface of the earth, is di- 
rectly proportional to its diſtance from 
the centre; that is, a Body which at 
a the ſurface weighs one pound will, with- 
in the earth at the diſtance of two 
= thouſand miles from the centre, weigh 
” but half a pound, and at the diſtance 
of one thouſand miles but a quarter 
of a pound, and fo on till at the centre 
it loſes all its weight. 
force of the earth when conſidered as 


acting een on Bodies at different 


diſlances 


The attractive 
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Gallileo, Torricellius, 
Nuaturaliſts, 
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diſtances from the centre is called its : 
accelerating Force, and is meaſured by 
the velocity it is able to 1 8 in 1 the : 


Bodies in a given time. 


Tuo' ſtrictly ſpeaking the accelerating J 
Force of Gravity decreaſes in the man- 
ner above-mentioned, yet where the diſ- 2 
tances from the Surface are inconſidera- 
ble with reſpe& to the Earth's Radius, 
(as are all the diſtances to which we 
can projett Bodies) the Force of Gra- | 
vity may be looked upon as equal at 
all - thoſe diſtances. 1 
poſition are founded the reaſonings of 
Huygens and other 
concerning the deſcent of 


And on this ſup- 


heavy Bodies, and the ſeveral Theo- 


rems are formed which relate to the acce- 
leration of falling Bodies, the ſpaces de- 
ſcribed by them, the times of the fall | ; 


and the velotitics thereby acquired, 


Ir the Force of Gravity remains un- | 
varied, the Motion of a Body, falling 
freely from a flate of reſt, will be uni- 
form accelerated; 


that IS, 


ments of the velocity will be OT 6 
equal times. 


For Mk. us ſuppoſe the 


time I 
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time of the deſcent to be divided in- 
to a number of equal parts indefinitely 
ſmall; in each of theſe the Force of 
Gravity muſt make equal impreſſions 
on the Body to carry it downwards, 
and conſequently muſt by each impulſe 


generate an equal velocity in the fall- 


ing Body ; and fince all the velocities 


are in the ſame direction, the laſt ac- 


quired muſt be ſtill added to the for- 


mer, and therefore the velocity of the 


falling Body will be . accele- | 
rated. 


| Ir follows 410 that, at | e of 
any time, the whole velocity generated 


7 muſt be as the number of impulſes re- 
” ceived from Gravity, that is, as the 
number of the indefinitely ſmall parts 

of time taken from the beginning of 


the fall, and therefore the velocity AC. 


4 quired at the end of any time by a 
Body, falling freely from a ſtate of reſt, 


will be as His time of its deſcent from 
the beginning of the fall. 


Tuz fare which a Body falling 


freely from a ſtate of reſt deſcribes in 
any time taken from the beginning of 


21 the fall, may be expreſſed by a right 


angled 
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angled triangle *AB C, whoſe Baſe AB 
denotes the time of the fall, and the 


perpendicular B C the velocity acquired : 
at the end of that time, ; 
Fon let there be drawn in the triangle 4 
the lines HI, FG and DE parallel to 
BC, then ce theſe lines HL £6, þ 
DE and BC are to each other as 
AH, AF, AD and AB, and fince a 
B C denotes the velocity acquired in 
the time AB, the lines HI, F G and 2 
DE muſt Jena the walociiies reſpec- | 
tively acquired in the times AH, AF 
and A D, becauſe the velocities are as 
the times of the Motion. : 
ſuppoſe. the whole time of the Motion ; 
to be divided into a number of#s-very | 
{mall and equal parts, as AH, H F and 
FD, we may then 
city of the Body as uniform during each 
of theſe parts of time; and ſince the 
ſpace deſcribed by any uniform velocity | 
is expreſſed by a rectangle contained un- | 
der lines proportional to the time of | 


the Motion and the velocity, the ſpaces 


| deſcribed in the ſeveral ſmall parts of 

time AH, HF and F D will be ex- 
preſſed by the little rectangles AHIK, | 
HF L : 


* Sce Fig. 3. 


Now if we 


onſider the velo- 
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HFGL and FDEP, and thus the 


Space deſcribed in the whole time AB 
ſum of all 
the little rectangles Ku are formed in 
this manner by multiplying each ſmall 
part of the time into the velocity with 
But when 


= we ſuppole thoſe equal parts, into which 


will be expreſſed by the 


which the Body then moves. 


the whole time AB is divided, to be 


indefinitely ſmall, and their number in 


definitely great (as we ought to do if 
we conſider the velocity as uniform in 
each of thoſe parts of time) then the 


4 ſum of all the reQtangles will differ 
from the triangle A B 4 by a quantity 


leſs than any given one, and conſe- 
quently the Space deſcribed in the whole 


time of the Motion will be expreſſed 
r the triangle ABC. 17 


From hence we may eaſily deduce, 


2 as corollaries, all the other properties of Y 
Firſt, 
the Space which a Body falling freely 


an uniformly accelerated Motion. 


deſcribes in any time, taken from the 
beginning of the fall, is one half of the 
Space it would be in the ſame 


time if it moved uniformly with the 
A velocity acquired at the end of the fall. 
; 8 : For 
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of the fall, and BC, the laſt acquired 


5 times: 
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For when, in the right angled triangle 
the ſide A B denotes the time 


velocity, the Space deſcribed in the 


time of the fall will be expreſſed by the 1 
triangle ABC; but the ſpace deſcribed *' 


in the ſame time by a Body moving uni- 
formly with the velocity B C will be 


expreſſed by the rectangle A B C O of f 
which the triangle is one half. i 


SECONDLY; The Spaces, deſcribed by a 


Body falling freely from a ſtate of reſt, | 
are to each other as the Squares of the b 
times from the beginning of the fall, or 
as the Squares of the velocities acquired in | 
thoſe times. For it appears from what has 
been ſaid, that the Spaces deſcribed by 
a falling Body in the times denoted by | 


AB and A D will be in the ſame pro- 


portion with the triangles, AB C and 
AD E; but theſe triangles being ſimilar, l 
their areas are to each other as the Squares 
of their homologous ſides; that is, as the 
Squares of the lines AB and A D, which 
expreſs the times of the fall, or as the | 


Squares of the lines B C and D E, which 
expreſs the velocities acquired in tho ſe 
Wherefore the Spaces deſcribed in 


different 
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different times by a falling Body are to 
each other as the Squares of the times 


from the beginning of the fall ; or as the 


Squares of the velocities acquired | at the 
ends of thoſe times. 


To confirm this by an Experiment, 


let a weight of eleven hundred grains 


fall from the height of three inches, 
ſo as to ſtrike one end of a balance, its 


Force will be juſt ſufficient to raiſe a 
pound weight, hung at the other end of 


the balance, to a ſmall height; but in 


order to raiſe weights of two or three 
pounds the fame body mult fall reſpec- 


tively from the heights of twelve and 


twenty-ſeven inches, for leſs heights will 
not be ſufficient. 


Tu forces wherewith the deffending 


Body ſtrikes the end of the ee 


are e to the weights they are 
able to raiſe; but the Forces with which 
the ſame Body ſtrikes are alſo propor- 


tional to its velocities; wherefore the 
velocities acquired by the falling Body 


are, in this cafe, as the weights raiſed, 


that is, as one, two and "three. Ad 
therefore the Squares of the velocities 
are as the quares of theſe numbers, 


G 3 that 
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that is, as one, four and nine; but he 


Spaces three, twelve and twenty- ſeven 
are alſo in the ſame proportion as one, 


four and nine, and therefore the Spaces 


deſcribed are as the Squares of the ve- 


locities acquired by a Body in falling 


through them. 


HxENCE it follows that the Spaces de- 


ſcribed by a falling Body in the ſeveral 


moments of time taken ſeparately and in 
their order from the beginning of the 
fall, are to each other as the odd num- 


. bers, one, three, five, ſeven, and ſo on, 
taken in their natural order; for, where 


the times of the fall are one, two, three 


and four moments, the Spaces deſcribed 


will be as the Squares of thoſe times re- 


ſpeclively, that is, as one, four, nine and 
ſixteen ; therefore the Spaces deſcribed in 
the ſecond, third and fourth moments, 


taken ſeparately, will be as the differences 


between the numbers one, four, nine and 


ſixteen reſpectively, which are three, hive, 


| ſeven, nine, and ſo on. 


As the Motion of 3 Body falling 


from a ſtate of reſt is uniformly _: 
lerated, fo likewiſe the Motion of a Body 


thrown directly upwards is uniformly 


_ retarded, For the ſame Force of Gra- 


vity 
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vity which conſpires with the Motion 
of a falling Body, acts in direct oppo- 


ſition to the motion of ſuch as aſcend, 


and therefore, in whatever manner it 


accelerates one it muſt retard the other. 
Whence it follows that a Body thrown 
directly upwards will continue to aſcend. 


for a time equal to that, in which, by 


| falling from a ſlate of reſt, it would AC = 


quire the ſame velocity with which it 
is thrown up. For ſince the action of 


gravity is conſtant and uniform, in what- 


ever time it generates any velocity in a 
falling Body, in the very lame time it 


muſt deſtroy that velocity i in a riſing Body, 


and therefore the time of the aſcent muſt 
be equal to that of the fall. Hence if 
a Body be thrown directly upwards with 
a velocity equal to that which it has 
acquired by -falling from any height, it 
will aſcend to the ſame height before 


it loſes all its velocity. For ſince of 


theſe equal velocities one is generated 
and the other deſtroyed in the ſame 
manner by the uniform action of the 
ſame Force, and in the ſame time, it is 
manifeſt that the ſum of the velocities 
wherewith the body moves, during its de- 
ſcent 
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ſcent and its aſcent, muſt be equal, and 


conſequently the ſpaces deſcribed in its 1 
deſcent and in its aſcent mult alſo be KR gre 
equal. 1 
| "TW order to Hetermine the abſolute 7 {lo 
| Force of Gravity at the ſurface of the Fe 
* Earth it is neceſſary to know thro what | be 
| Space a Body will fall in a given time. | Gr 
| And by very accurate experiments made anc 
| with Pendulums, which will be menti- apf 
| oned hereafter, it has been found, that is 
2 Body, near the ſurface of the Earth, || 
ll falling from a ſtate of reſt, will deſcend he 
li through the Space of about ſixteen feet | Ax 
| and one inch in a ſecond of time, that a 
| is, in the ſixtieth part of a minute: gane 
| from whence it appears that the Force ah 
1 Gravity by acting on any Body 1 
| only for one ſecond of time will ge- Bo 
| nerate in it ſuch a velocity as, being i ks 
continued uniform, would carry it thro” ; eit! 
| two and thirty feet and two inches in ral! 
| one ſecond, or thro' very near monly 
| tio Engliſh miles in an hour. ; : 
; Fo I mvsrT obſerve here that Bodies do FI 
not deſcend in all climates at the rate on 
of ſixteen feet and an inch in a ſecond | wil 
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of time, but in ſuch places only as are in, 


or near, the Latitude of forty-nine de- 
grees. In places more diſtant from the 


Gravity is leaſt under the Equator, 
and that it increaſes continually ag we 


approach. towards the Poles, where it 


is greateſt of all. 


Taz chief cauſe of this difference is; 


the rotation of the. Earth round its 


Axis, by which all Bodies on the 
Surface acquire a centrifugal Force; 
and, as I obſerved before, would actu- 
ally fly off, if they were not retained 
by their Gravity. (c) Now as all theſe 


Bodies revolve uniformly round the 


Earth's Axis in four and twenty hours, 


either in the /Equator or in circles pa- 


rallel to it, their velocities, and conſe- 


Pan 


() By the centrifugal Force, is meant that 
force which we ſee makes Bodies, lying looſely 


on a wheel or a globe, fly off when it revolves 


ſwiftly round its Axle; and this ariſes from 


their tendency to move on in a right line ac- 


_ cording to the firſt law of motion, 


Aquator, the deſcent is quicker, and 
ſlower in thoſe that are nearer to it. 
For it has appeared, from a great num 
ber of obſervations, that the Force of 


be contmually 


diminiſh it, 


the Force of Gravity 
diminiſhed by 
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quently their centrifugal Forces, muſt be 
as the Peripheries of the Circles they deſ- 


eribe; and therefore as the Equator 


is the greateſt of all thoſe Circles, and 


the others grow leſs and leſs as they are 


on” and more diſtant from the Æqua- 


the centrifugal force of Bodies 
mage be greateſt in the Æquator, and 


Poles, 
Polar 


points. 


Turk is alſo another - reaſon why 


which is this. The centrifugal Force 
always cauſes a Body 


whole center 1s 


the ſame with that of the Earth ; but 
as the centers of all the Circles pa- 
rallel 


diminiſhed towards the 
till at laſt it vaniſhes at the 
As this force acts in 
oppoſition to Gravity, it muſt of courſe 
and this diminution muſt 
be greateſt in the Æquator, and grow 
leſs and leſs in the approach towards 
the Poles. 


ſhould be more 
the centrifugal force at 
the Æquator than in any other place, 


to tend from 
the centre of the Circle in which it 
moves; and therefore it muſt act in 
direct oppoſition to the Force of Gra- 
vity at the Equator, 
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rallel to the /Xquator are at ſeveral 
_ diſtances from the center of the Earth, 


in every ſuch Circle. the centrifugal 


Force acts obliquely againſt the Force 
of Gravity, and the more ſo as the 
Circle is nearer to the Pole, and there- 


fore cannot diminiſh it ſo much as it 
does at the Æquator. 


SIR Laac Newton, has proved, by a 
moſt ingenious method of computing, 


: that Bodies at the Aquator loſe — 


230 


part of the weight which they would 
have if they were placed at the Poles ; 
and has ſhewn that the ZEquatorial dia- 


meter of the Earth exceeds the Polar 
diameter, or the Axis round which the 


Earth turns, by about ſeventeen Engli/h 
miles and =; for if the Aquatorial 


parts of the- Earth where the Waters 
are lighteſt, were not ſo much higher 
than the Polar parts, where they are 


| heavieſt, the Seas about the Poles would 
ſubſide, and riſing at the Æquator, would 


overfiow the Lands thereabouts. 
From an experiment made at the be- 


ginning of this Lecture it was conclud- 


ed 
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ed that the Gravity of every Body is 


Proportional to its Quantity of Matter; 
and as this is a propoſition of great 
importance in Natural Philoſophy, it 
may be proper to explain it a little 
more fully, and to obviate ſome objec- 
tions that, to common obſervers, may 
ſeem to ariſe againſt it. Bodies of dif- 


ferent kinds ſeem, at firſt ſight, to be 


endued with different degrees of weight; 


thus Lead is ſaid to be heavier than 


Cork, and Gold to be the heavieſt of |} 
all Bodies. Now the reaſon why ſome _ 
Bodies are heavier than others of an 
_ equal ſize is, that ſome Bodies con- 
tain in the ſame bulk, a greater Quan- 


tity of Matter than others do. Thus 


a ball of Lead contains much more 
Matter than one of Cork of the lame 
ie, for Lead is a much more compact 


Body than Cork, which abounds with 


large empty Pores and Interſtices; and 
therefore ſince the particles of Lead lie 
cloſer together, it muſt contain more 
Matter in the ſame bulk than Cork 
does, and conſequently it ought to be 


proportionably heavier, 


Bovits 


re NL 


BopikEs differ very much in regard 


to the proportion which their Pores 
bear to their ſolid Parts, and accord- 


ingly are ſaid to be of different Den- 


ſities; that being called the denſeſt 
which contains the greateſt Quantity of 
Matter in proportion to its bulk. Now 


as every ſpecies of Matter has a degree 


of Denſity peculiar to itſelf, if we ſup- 


pole many Bodies of different kinds to 
have the ſame magnitude; each Body 
will contain a Quantity of Matter pro- 
portional to its Denſity, and confe- 
quently each Body will have a diffe- 


rent weight, and that in proportion to 


5 Denſity, which weight is therefore 


called its ſheciſic Gravity, From hence 


we ſee how Bodies of the ſame _—_ 


may have different weights, and : 
the Gravity of each be flill in SE 
tion to its Quantity of Matter. 


Trar Air is heavy like other Bo- 


dies, is now well known, and the weight 


of the Atmoſphere is accurately mea- ' 


ſured by the weight of the Quickſilver 


that 1s ſuſtained in the Tube of the 


Barometer. It is alſo well known, 
that Smoke aſcends in the open Air 
I 1 OC 
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for the ſame reaſon that every Body 


will aſcend in a Huid that is Fe 
than itſelf; ſo that we have really n 

inſtance of any Body abſolutely Leh! 
or void of weight, but find on the 
_ contrary, that all Bodies whatſoever, on 
or near the ſurface of the Earth, gra- 


Vitate towards it, and that in propor- 


tion to the Quantity of Matter in each 
of them. 


Tris property of Gravitation is not 


confined to the Matter of which our 
Earth is formed, but is found to be 


à general property of all Bodies that 


comes any way under our obſervation. 


Sir Jſaac Newton has demonſtrated, that 
the Moon gravitates towards the Earth, 
and is retained in her Orbit merely by : 
that Force. And ſince the revolution 


of the Moons round Jupiter and Sa- 
turn, and of the primary Planets round 
the Sun, are Phœnomena, or effects of 


the es kind with the revolution of 
our Moon round the " He con- 


” cludes, by the ſecond Rule of Philoſo- 


phiſing, that all theſe Effects muſt pro- 5 


ceed from like Cauſes, and therefore 


that the Moons of Jupiter and Saturn 


00 tate 
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gravitate towards their Primaries, and that 
all the Primary Planets, gravitate to- 


wards the Sun. He has alſo ſhewed, 
that if one Body attracts another with 


any Force, with the ſame Force does 
that other Body attract it; fo that the 


Earth muſt gravitate towards the Moon, 
the Sun towards the Planets, and they 


all towards each other. He has proved 
likewiſe that the attractive forces of 


theſe great Bodies act according to one 


univerſal and invariable Law, which is, 


that every two of them attract each other 


with Forces that are directly as their 
uantities of Matter, and inverſely as 


e Square of the diſtance between their 
On And ſince the Attractions of 


theſe Bodies are made up of the Attrac- 


tions of all their Paggicles, it follows, 


that every two Particles of Matter muſt 
attract each other with Forces that are as 
their Quantities of Matter directly and 
inverſely as the Square of their Diſtance. 
The reaſon why we do not perceive 


the Attraction of any two Bodies towards 
each other, when they fall freely Me 
ther near the ſurface of the Pant 


chat this Attraction bears the lame pro- 
oy Portion 


- — — 
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portion to the weight of the Bodies that 
the Bodies themſelves do to the whole 


earth, and therefore it muſt be altoge- 


ther imperceptible. 

Six Iſaac Newton's great diſcovery there- 
fore confiſls in his having proved that 
the well-known power which we call Gra- 


, vity, acting throughout the Solar Syſtem, 


according to the law above mentioned, 
is the immediate cauſe which preſerves 
the Planets and Comets in their Mo- 


tions round the Sun; and that this 


Force alone is fully ſufficient to account 


for all the irregularities of the Lunar 
Motions, for the Retrogreſſion of the Æqui- 


noctial Points, and for the Tides in our 
ſeas, whoſe waters gravitate towards the 
Moon. 


A this he bMtione by ſhewing, from 
mathematical calculations, that this Force 
ating on thoſe Bodies muſt neceſſarily a 


produce ſuch effects and appearances, as 


exactly correſpond with thoſe which, the 
| beſt obſervations aſſure us, do really — 
take place in Nature; ſo that there can 


remain no doubt of his having aſſigned 


the true cauſe of all thoſe great Phœ- 


nomena. 
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nomena. Thus has he entirely overthrown 
all the ſpecious Hypotheſes by which his 
Predeceſſors endeavoured to explain thoſe 
matters, and has at length laid open to us 
the true Syſtem of Nature ; in which the 
wiſe diſpoſition of the great Bodies in 
the Univerſe, the ſurpriſing regularity of 
their Motions, and the great ſimplicity 
and uniformity of the means by which 
they are effected, appear every way 
worthy of the infinitely wiſe and al- 
mighty Author of all things. | 
Ir ſtill remains to be” determined, 
whether theſe Forces of Gravity and Co- 
heſion ariſe immediately from the Will 
of the Supreme Being, or are the effects 
of ſome ſecondary or mechanical cauſe, 
which He is pleaſed to employ in carry- 
ing on the operations of Nature? and 
which, as an immediate inſtrument in his 
hand, muſt derive its whole efficacy 
from his Will only. Sir J/aac, from 
ſome Phenomena, was induced to ſuſ- 
pect that the immediate cauſe of Gra- 
vity was mechanical; and that there 
exiſted throughout the Univerſe a moſt 
ſubtile ætherial fluid, whoſe particles are 
ſo ſmall as to paſs freely thro the pores | 
H 3 =: 05 


of all Bodies; and that theſe particles 


are endued with an exceeding ſtrong 


repelling Force, which makes this fluid 
vaſtly more rare and more elaſtic than 


our air, and of conſequence vaſtly leſs 


able to reſiſt the Motion of Bodies, and 


much more able to preſs upon groſs Bo- 
dies by endeavouring to expand itſelf. 
This Ather he ſuppoſes muſt, from its 


repelling force, be much rarer within 


the denſe Bodies of the Sun, Planets, 
and Comets than in the empty ſpaces | 


between them; and that in paſſing from 
them to greater diſtances it grows denſer 
and denſer perpetually, and thereby 


_ cauſes the Gravity of theſe great Bodies 
towards each other, and of their parts 


towards the Bodies, every Body endea- 
vouring to go from the denſer parts of 
this Ether towards the rarer (d). All 
this however he propoſes only as a con- 
jecture, and leaves the truth of it to be 
determined by future Experiments, and 
I have mentioned it here only becauſe it 


is the conjecture of ſo great a Philoſo- 
pher. For tho' the late Experiments in 


Electricity prove the exiſtence of ſome 


wen fubtile fluid, which eaſily pervades / 
the 


(d) Newton's Optick's, Query 21, 
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the denſeſt Bodies, yet I have not heard of 
any Experiments that prove it to be the 
cauſe either of Gravity or Coheſion, _ 
 WuaTEvtER may be the cauſe of 
Gravity it cannot be improper, in our 
philoſophic reaſonings about its effects, 
to conſider it as a quality or property 

belonging to all Bodies that fall in any- 
wile under our obſervation, as our ex- 
perience ſufficiently warrants us in ſo 


doing; and ſince this quality cannot in 


any Body be increaſed or diminiſhed, 
it muſt be looked upon (by the third 


Rule of Philoſophiſing) as a quality of 


all Bodies whatever. This being the 
caſe, we have from hence an unanſwer- 
able argument for the exiſtence of a 
Vacuum. For if the region of our Air, 


for inſtance, was filled with any matter 
that had no empty, pores, let this mat- 


ter be ever fo ſubtile or ever ſo fluid, 
it muſt ſtill have a greater Denſity, and 
conſequently a greater ſpecific Gravity 

than Quickſilver or Gold, ſo that it 

- would be as impoſſible for even the 
| heavieſt Bodies to deſcend in this Fluid, 
as it is for Cork to deſcend in Water, 
or Wood in Quickſilver. And fince 
a 3 Bodies, 
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ſiſted in very different degrees, fall to- 
gether in an exhauſted Receiver without 


any ſenſible reſiſtance; we muſt con- 


clude that ſuch a Receiver doth not 
contain in it any Matter that hath ei- 
ther a ſenſible Gravity, power of reſiſt- 
ing, or vis inertiæ, or in other words, 
that it doth not contain any ſenſible 
Matter at all. It is therefore incumbent 


on thoſe, who aſſert that all Space is 


_ equally full of Matter, to tell us what 
| kind of Matter it is that adequately 
fils a Receiver exhauſted of air, and 
to ſhew us its properties, ſince it is 
_ evidently diveſled of thoſe properties 


that are common to all the Bodtes we 
know of. 8 f 
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THE 


3 Laws of Motion explained 


AND 


| Confirmed, by Experiments. 
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Vw IP AVI NG given an account 
of the Properties that are eſ- 
Ne K ſential to Matter, and of the 
Porces called Attraction and 
Repulſion; I come now to ſhew ho- 
the Motions of Bodies, ariſing from 
theſe Forces, are regulated according to 
| the Laws laid gown. 1 in the firſt Lecture, 
and 


Laer. 


and to confirm theſe Laws by Experi- 


Ai * the firſt Law of Motion every 


Body muſt, in proportion to 1ts Quan- 


tity of Matter, endeavour to continue 
in the ſlate it is put into, whether it 


be of Reſt or uniform rectineal Motion; 
and as a Body put in Motion by any 
Impulſe muſt begin to move with ſome 


certain Velocity, and its Motion muſt 


be directed towards ſome certain point ; 
if follows, that the Body muſt go on 
in the fame right line deſcribing equal 


ſpaces in equal times, until ſome Force 


be impreſſed upon it to produce a change. 


Therefore, when a Body moves in a 


Curve ine, that Curvature muſt ne- 


5 ceſſarily proceed from ſome Force which 


continually acts upon it, and turns from 


its un” rectilineal Conte; and when- 


ever that Force ceaſes to act, the Body 


vill move forward in a right line touch- 
ing the Curve in that point where the 


Body was when the Force ceaſed to act. 


The truth of this is ſufficiently teſti- 


| fied by frequent experience; for if a 
Stone be moved round in a Sling, by its 
255 tendency to move in a right "line it 


will : 
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will ſtretch the ſtring with ſome Force, 
and when it is ſet at liberty it will 
not continue its circular Motion, but 
will go on in a right line touching the 
circle made by the revolution of the 
Sling, until its Gravity draws it from 
this line towards the Earth. 
By the ſecond Law of Motion it ap- 
b pears that any Motion or change of 
Motion produced in a Body muſt be 
Proportional to, and in the direction 
of the Force impreſſed. Therefore a 
moving Body receives an impulſe in 
the direction of its Motion, its velocity 
will be thereby increaſed, if in the con- 
trary direction its velocity will be di- 
miniſhed, tho' its direction will not be 
changed.; but if the Force be impreſſed 
in a direction oblique to that in which 
the Body moves, it will be thereby 
made to change its direction, and move 
in a line fituated between the direction 
of its former Motion and that of => 
Force impreſſed. And if a Body at 
reſt receives two Impulſes at the hve 
time from Forces whoſe directions do 
not coincide, it will, by their Joint ac- 
tion, be made to move in a line Ot b 
ies 
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lies between the directions of the Forces 
impreſſed. For inſtance, if on the Body 
A (fig. 4) a Force be impreſſed ſuffici- 
ent to make it move, with an uniform 
velocity, to the point B in a ſecond 
 _ of time, and if another Force be alſo 
impreſſed on the Body which alone 
would make it move to the point C in 
the ſame time; the Body by means of 
| theſe two Forces will deſcribe a line 
whoſe poſition may be thus determined. 
Complete the parallelogram A B D C, 
whoſe ſides AB and AC are by the 
; ſuppoſition proportional to the Forces 
impreſſed in their directions, draw the 
diagonal AD; the Body will move 
along this ine and will deſcribe it in 
the fame time in which it would have 
deſcribed either of the ſides AB or 
A C ſeparately. For ſince the Force 
impreſſed on the Body to carry it to 
the point C, is not directed either to- 
wards the line B D or from it, but 
acts in a direction parallel to it, that 
Force cannot either accelerate or retard 
the velocity with which the Body ap- 
proaches the line B D, the Body muſt 
therefore arrive at the line B b in the 


ſame 
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fame time it would have done if no 


other Force had been impreſſed on it 


but that in the direction A B, and there- 
fore at the end of one ſecond it will 
be found ſomewhere in the line B D. 


In the ſame manner, ſince the Force 
impreſſed in the direBion. A B, which 


is parallel to C D, neither directed 


towards C D nor from: it, it cannot 


prevent the Body from arriving at the 
line CD in the fame time it would 
have done, had no other Force been 


impreſſed than that in the direction 


AC; and therefore the Body will, at 


the end of one ſecond, be found ſome- 
where in the line CD; conſequently, 
at the end of the ſame time the Body 


will be found in both lines, that 5, 


at the point D, the concourſe of thoſe 


lines. And fince, from the joint im- 
preſſions of the Forces, it muſt have ſet 


_ out from the point A, with a recti- 


lineal Motion, it mal during its 


Motion have deſcribed the whole line 


A D the diagonal of the ee 
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1 Ihe a. 


: 5 þ 4 : 2 a 
© 3 - — — — - —— 
; N : 2 2 e IR 
— - x w. $5 1 * — —_— : x 2 — 4 
5 A . 4 1 + 3 1 
5 _ 4 . ; _ <7 * "7 5 2 — — 244 * ————— 


I Iv. 


To confirm this by an Experiment 


let three ory balls, of an equal ſize, be 
ſuſpended from three pins, by ſtrings 
of equal lengths, and let the middle ball 
reſt over one angle of a wooden ſquare: 
then let each of the extreme balls be let 
fall ſeparately, from the ſame height, 


ſo as to ſtrike the middle ball in the di- 
rection of one fide of the ſquare; the 


middle ball will, by each of the ſtrokes 


made ſeparately, be moved over that 


lide of the Square that lies in the di- 
rection of the ſtroke; but if the two 
balls be at the ſame time let fall from 


equal heights, fo that they may ſtrike 
the middle ball at once, and in the di- 


rections of the two ſides of the Square, 
the middle ball will, by the joint Forces 


impreſſed at the ſame time, be driven 


Luer the diagonal of the Square. 
FROM what has been ſaid it appears 
N when a Body is adted upon at the 


fame time by two Forces that are to each 


other as the ſides of a parallelogram 


AB and AC, and act in the directions 
of thoſe ſides, it will deſcribe the dia- 
= gonal in the ſame time in which it would 

be made to deſcribe che reſpective ſides 


by 
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by each of thoſe Forces ſeparately, 
Therefore the velocity wherewith the 
Body moves along the diagonal, is to 
the velocity wherewith 1t would move 
along the fides, when acted upon by 
each Force ingly, as the diagonal to 
each ſide reſpeftively. And fince the 
Force which gives an impulſe to a Body 
1 Paper tional to the velocity with 
which makes the Body move, 
we may 57 that the Force by which 
the Body is impelled along the diagonal, 
is to either of the impelling Forces, as 
the diagonal is to the ſide in the di- 
rection of which that Force acts; and 
therefore it will be to the ſum of the 
impelling Forces, as the diagonal to the 
um of the ſides. . 
Ass the line A D may be made the 
diagonal of numberleſs parallelograms, 
a Body may be made to move along 


the line AD by numberleſs pairs of 


Forces acting in the directions of the 
ſides of thoſe parallelograms, and pro- 
portional thereunto. So that the Force 
of a Body moving along the line AD 
may be conſidered as compounded of, 
or br oduced by, two Forces acting 1 
1 4 any 
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any oblique ee ſuch as AB and 
AC, or AE and AF, fince the very 


e Motion would * from ſuch a 


compoſition. And conſequently the 
Force of a Body moving in the line 


AD may be reſolved into two Forces 


acting in thoſe oblique directions. From 


this compoſition and reſolution of Forces 


or Motions, we may deduce the follow- 


ing Theorem, which is of great uſe in 
Mechanicks, for determining the effects 


of Forces acting againſt each other in 


_ oblique directions. 


Ix three Forces or Powers acting on 
a Body in oblique direQions be to each 
other reſpectively as the ſides of a tri- 
angle drawn parallel to their directions, 


thoſe Powers will balance one another 
and keep the Body at reſt. 
LI three Powers, 1 the Body 


. A. (fig. 4.) in the directions 'AB, AG 


and AG, be to one another as the 


| fides of the triangle AB D, which are 
reſpectively parallel to their directions, 
they will balance each other, and the 


Body will remain unmoved. For taking 


AC equal to BD, let the parallelogram 
AB DC be completed, then, from 


what 


V 


my 
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F 
what was ſaid of the compoſition of 


Forces, the Powers which draw the 
Body A in the directions of the ſides 


AB and A C, will, by their joint ac- 


tion, urge chat Body from A towards 


D, in the direction of AD, with a 


Force which is to that of either of theſe 
Powers, as A D to either of the ſides 
reſpectively ; but the Body is drawn in 


the oppoſite direction from A towards 
G, by the third Power, whoſe Force, 


by the ſuppoſition, is to that of either 
of the other Powers as the line A D 


is to AB or AC reſpectively; there- N 
fore the Force of this third Power is 


equal to the joint action of the other 


two Powers; conſequently the three 


Powers muſt balance each other, and 


the Body A, being drawn equally in 


oppoſite directions, will remain un- 


moved. In the ſame manner we may 
prove that the joint Force of any two 
of theſe Powers acts in a direction op- 


poſite to that of the third, and is equal 


thereunto; and therefore any three 
Powers which are to one another 28 


the ſides of a triangle, and act in di- 
rections parallel to theſe ſides, will de- 


bo ſtroy 
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ſtroy each others effect, and remain 
in Aquilibrio. And from hence it fol- 
lows, that when three Powers, acting 


againſt each other in oblique directions, 


are in Æquilibrio, they will be to each 
other as the ſides of a triangle which 
are reſpectively Parallel to their lines of 
direction. 

To confirm this by an Experiment 
Tet the ſides of a triangle A B D, drawn 
on an horizontal Plane, be as two, 
three and four; ; and let A C be pa- 
rallel to the ſides B D, and let D A be 
continued towards G; let then three 


mall cords be tied together at A, and 
ſtretched over three pulleys at the points 
G, H and L, ſo that one cord may 
cover the line A G, another the line 
AB, and the third the line AC; this 


being done, if a weight of four ounces 


be hung to the cord which covers A G, 
and one of three ounces to that which 


covers A B, and one of two ounces to 
that which covers AC, theſe three 


weights, which are to one another as 


the ſides of the triangle that are paral- 


Tel to their lines of direction, will 


continue in Aaquilibrio. 
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Tur third Law of Motion, which | 
ariſes from the Inertneſs of Matter, is, 
that reaction is always equal to action, 
and in a direction contrary thereto; or 
that whatever Motion one Body can by 
its action produce in another, the ſame 
Motion will be produced in it by the 
reaction of that other, and in a con- 
trary direction. : nu 
Ix my Lecture on Gravity, I ob- 
ſerved, that it has been demonſtrated 
that each of the Planets gravitates to- 
wards the Sun, and the Sun towards 
each of them with a reciprocal and 
equal Force. The fame equality of 
Attraction obtains likewiſe between the 
Loadſtone and Iron; for if a Load- 
ſtone and a piece of Iron be ſet on 
two pieces of Cork, and made to float 
on water near each other, they will 
come together with equal quantities of 
Motion, that is, if their weights are 
equal, they will approach with equal 
_ velocities, or if the weight of the Load- 
ſtone be double that of the Iron, the 
velocity of the Iron will be double 
that of the Loadſtone, ſo that the at- 
3 oY tractions 
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trations between thoſe Bodies are equal 
and reciprocal. When two light Bodies 


are ſuſpended near each other, if one 


be electrified and the other not, they 
will equally and mutually attract each 
other and come together. 

Ir a man, placed in a boat, draws ano- 
ther boat by means of a rope, the one 
wherein the man 1s placed will be equally 


drawn with the other, and the two boats 
will come together with equal quantities 


of Motion. Bo- that if they are of the 


ſame weight, ſize and ſhape, they will 


move with equal velocities ; but if one 


boat be in weight double the other, 
will move with only half the iy 
of the other, and they will ſtill approach 


each other with equal quantities of Mo- 


tion. This will appear by the 2 8 
Experiment. 

LET a cord be made faſt to one end 
of a ſmall boat, and let it paſs over a 
pulley fixed to the end of another ſmall 
boat of the ſame ſize and ſhape, and let 
a weight be tied to the end of the cord, 


and hang in the water, then let the boats 


be placed at ſuch a dilance, as that the 


cord 
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hed 


cord may be ſtretched ; when the boats 
are let go, the weight will deſcend and 
thereby draw the boat to whole end the 
cord is faſtened towards the other, and 
and at the ſame time the other will move 
towards it. And the quantities of Motion 
in both boats will be equal, for their 
velocities will be equal when their weights 
are ſo, and when their weights are une- 
qual, their velocities will be inverſely as 
their weights, for when they meet, the 
Spaces they have deſcribed will be found 
to be in that proportion. 
As Action and Reaction are al 
in all attractions, ſo are they likewiſe 
equal in reſpect to ſtrokes or 1mpulles 
made by Bodies one upon another; for 
the Force of two Bodies, ſtriking each 
other, affects equally the Motion of both, 
and produces equal changes therein to- 
wards contrary Parts ; ſo that when one 
Body ſtrikes againſt another and commu- 
nicates Motion to it in a certain direction, 
juit ſo much Motion does the ſtriking 
Body loſe in that direction, or juſt ſo m uch 
Motion is there communicated to it in 
the contrary direction. I ſhall therefore 
N confirm 
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| confirm this third Law of Motion, by 5 


ſhewing that what I have now ſaid, 


holds true in all caſes, from Experiments 


made by the collifion of Bodies both 
non-elaſtic and elaſtic : but firſt I muſt 


f lay before you the method of making 


theſe Experiments. 


Tux Bodies that are to ſtrike each 
other muſt be formed into Spheres ; 
and then ſuſpended from two pins by 


threads of an equal length, and in ſuch 


a manner, as that, when they hang freely 
they may juſt touch one another, and 
that their centres and point of Contact 
may lie in a right line parallel to the 


Horizon. Now that you may under- 


ſtand the manner of eſtimating the ve- 
locities with which theſe Bodies are 
made to ſtrike each other, I muſt lay 


down ſome things concerning the Mo- 


tion of Bodies thro' the arches of Circles 
the truth of which ſhall be demonſtrated 


when I come to treat of Pendulums. 


And firſt, all the arches of a Circle, 
provided they be not large, are deſcribed 
in equal times by pendulous Bodies 
_ deſcending along them; and therefore if 
two pendulous Bodies be let fall at the 
fame 


LECTURE AV: In 


ſame time, one from C and the other 
from E in the periphery of a Circle 
whoſe radius is A B (fig. 5.) they will 
both arrive at the loweſt point B at 
the ſame time; and the ſtroke of the 
ſubſequent Body upon the preceding 
will be made at B: and for the ſame 
reaſon if one be let fall from C or E, 
and the other from D or F, they will 
meet and ſtrike one another at BZ. 
SECONDLY ;. the velocity which a Body 
_ acquires in falling thro' the arch of a 
Circle, is as the cord of the arch; 
that 4] the velocity of a Body ch 
has fallen from C to B, isto the velo- 
city of a Body that has fallen from 
E to B, as the cord CB to the cord 
EB. And here I muſt obſerve to you 
that when, in the following Experiments, 
1 ſpeak of a Body falling from, or 
riſing to any height, as four, fix or ten 
inches, I mean it of a Body's falling 
thro', or moving up, an arch whole 


cord is of ſuch a length. 

TrrrDLy; the velocity wherewith a 
| Body begins to rife up thro' the arch 
0a circle is as the cord of the 


arch which the Body deſcribes 8 
3 aſcent. 
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aſcent. Thus the velocity wherewith a 
Body begins to move from the point 
8 657100 D, if it aſcends as high as 
D, is as the chord B D, but if it riſes 
only to F, the velocity is as the cord 
B F: fo that in the Experiments the cords 
of the arches through which the Bodies 
deſcend expreſs the velocities of the 
Bodies in the point B, at the time of 
the ſtroke; and the cords of the arches, 
thro' which the Bodies aſcend after the 
ſtroke, expreſs the velocities of the Bo- 
dies immediately after the ſtroke. 
Tusk things being premiſed, 1 now 
proceed to the Experiments made firſt 
with Bodies that are non-elaſtic, that is, 
ſoft Bodies whoſe parts yield to a ſmall 
Force, and, when compelled to gy 
their ſhape, do not again return to it. 
LET two equal balls of ſoft clay o 
putty be ſuſpended in the manner es: 
mentioned, and while one of them con- 
tinues at reſt, let the other fall upon 
it from the height of ſix inches; ſince 
| the Bodies are void of cane they 
will not ſeparate after the ſtroke, but 


both together aſcend with a common 
velocity 
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velocity to the height | of three inches. 
Therefore the common velocity of both 
Bodies after the ſtroke is but half the 
velocity which the ſtriking Body had 
before the ſtroke, and conſequently, 
ſince the Bodies are equal, each of 
them will have half the quantity of 
Motion Which the ſtriking Body had 

before the ſtroke; ſo that the ſtriking 
Body has loſt, by the ſtroke, half its 

quantity of Motion, and juſt we: much 
has the quieſcent Body gained. 5 
Lr now one of che equal balls fall 7 
from the heigth of nine inches, and 
the other from the height of three in 


a contrary direction, the Motions of thoſe 


Bodies before he ſtroke are reſpec- 


tively nine and three, and their differ- 
ence ſix; after the iroke they will al. 


cend together in the direction of the | 
 RHtriking; that is the ſtrongeſt, Body to 


the height of three 1 therefore 
the Motion of each Body vil then be 
three, and the ſum of their Motions 
fix, which is the ſame with the differ- 
ence of their Motions before the ſtroke : 
conſequently the firiking Body, whoſe. 


Motion before was nine, has, by the 


ye ah any Sg 


ne n Iv, 
ſtroke, loſt ſix; and the other Body 


which is turned back with three parts of 


Motion, muſt have had a Motion as ſix 
communicated to it by the ſtroke, by one 


half of which its former Motion (which 
was three) is deſtroyed. and with the other 
half it moves in a direction contrary to 
its former one, ſo that the Motion loſt 
by the ſtriking Body is the ſame with 


that communicated to the other. 
It is evident in all caſes, when the Bo- 


dies come together moving in oppoſite 


| directions, that the difference of their 


| Motions before the ſtroke will be the ſum 
of their Motions after it. For the ſtrong- 
eſt Body muſt deſtroy the whole Motion 


of the weaker, and by the reaction of the 


_ weaker, is muſt loſe as much of its own = 
1 therefore at the inſtant of the 
ſtroke there will remain only the differ- 


ence of their Motions in the ſtriking Body 
and with this it will move on its former 
direction, carrying the weaker Body along 
with it. 


Ir therefore the Bodies moving in op- : 
1 10 directions come together with equal 


i quantities of Motion, they will upon the 


ſtr oke 
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ſtroke loſe all their Motion, and continue at 
reſt. To prove which by an Experiment, 

Lr two equal balls of clay fall at the 
ſame time from equal heights, and in 
oppoſite directions, upon the ſtroke they 

will ceaſe to move. And the ſame ching 
will happen when the balls are uncqual, 
provided the heights from which they 
fall are reciprocally proportional to their 
quantities of Matter, for then their quen- 
tities of Motion are equal; for inſtance, 

if the balls be as one and two; let the 
former fall from the height of fix inches 
and the latter from the height of three 
in an oppoſite direction, and upon their 
meeting they will loſe all Motion ; each 
Body communicating to the other a 
quantity of Motion equal to what that 
other had before the ſtroke and in an 

oppoſite direction; and therefore theſe 


| Motions muſt neceſſarily deſtroy each 


other. From theſe Experiments it ap- 
pears that whatever Motion one non- x 
elaſtic Body communicates to another, 

ſo much does it lole itſelf by: the reaction 

of chat other. 
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I am now to ſhew that when two elaſtic 


Bodies ſtrike together, the Motion loſt by 


one will be equal to that communicated 


to the other. Bodies are ſaid to be elaſtic 
whole parts yield and give way when 
| preſſed, and reſtore themſelves again to 
their former ſituation when the preſſure 


is removed; and if the Force wherewith 


they reſtore themſelves be exactly equal 
to the Force whereby they are bent in- 
wards, then the Bodies are ſaid to be 
Perfectly elaſtic ; and ſuch are all thoſe 
Bodies ſuppoſed to be with which Ex- 
periments are made for confirming the 
theory relating to the colliſion of elaſtic 
Bodies. But as there is not perhaps in 
nature any Body perfectly elaſtic, here 
the Experiments vary a little Fran the 
Theory, ſuch variation muſt be aſcribed 
rather to the want of perfect Elaſticity 
in the Bodies, than to any error in the 
Theory itſelf. . 5 
Ir of two Bodies, perfealy elaſtic, one 


be at reſt and the other in Motion, or 
if they both move the ſame or contrary 


ways, ſo that they may ſtrike each other 
direaly ; the quantity of Motion which 
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is acquired by one Body will be equal 
to that which is loſt by the other. 
Fon it appears, from what has been 
already ſaid, that the quantity of Motion 
communicated to one Body merely by 
the ſtroke, will be equal to that which 
the ſtriking Body loſes by the ſtroke when 
the Bodies are non-elaſtic ; now I ſhall 
ſhew that theſe quantities of Motion will 
be juſt doubled by means of the Elaſticity, 
and conſequently they muſt till be equal. 
Since the Bodies are ſuppoſcd to be per- 
fectly elaſtic, their parts when bent inwards 
by the ſtroke, will reſtore themſelves to 
their former ſituation with a Force equal 
to that which bends them in; but this 


Force is meaſured by the quantity of 


Motion which the ſtriking Body com- 
municates to the other; therefore after 
the ſtroke this elaſtic K will throw 

the Bodies different ways, and each with 
a quantity of Motion equal to that 
which the ſtriking Body communicates 
to the other, which added to the com- 
municated Motion will make that dou- 
ble, being in the ſame direction there- 
with, and which ſubducted from the 5 
Motion of the ſtriking Body (as contrary 


K 3 _ thereto) 
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thereto) will make the loſs double which 
it fuſtained by the ſtroke. And there- 


fore the in Motion which one Body 
acquires will be equal to that which 
the other loſes; or in other words, the 


Force of the two Bodies ſtriking each 


other will equally affect the Motion of 
both and produce equal changes therein 
towards contrary parts; ſo that the acti- 


on of the ſtriking Body, and the re- 


action of the other upon it are equal 
in all caſes. What has been now proved 
will be confirmed by the following 251 


periments. | 
Ix two equal balls of ivory be ful. 


pended as were thoſe of clay, and be 


let fall from equal heights in oppoſite 
directions, they will be both reflected 
back by the ſtroke, and will riſe to al- 
moſt the ſame height from which they 


fell. When the balls were void of chi. 


ticity after the ſtroke they continued 


at reſt, each having communicated its 


whole Motion to the other, which com- 
municated Motion in each Body ſerv- 


ed only: to deſtroy its former Motion 
15 FG being 
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being equal and in a contrary direction 
thereto; now it is plain that the balls 
will merely by the ſtroke communicate 
the ſame Motion to each other, whe- 
ther they be elaſtic or not; and 
therefore ſince the balls deſtroy each 
other's Motion by the ſtroke, and 
recover very nearly their whole Mo- 
tions by means of their elaſticity, (each 
Body being thrown back with almoſt 
the ſame velocity 1t had before the 
ſtroke) we may conclude that the parts, 
when compreſſed by the ſtroke, reſtore 
themſelves with a Force nearly equal 
to the compreſſing Force, and which 


85 may therefore be meaſured by the Mo- 


tion communicated, 


ILuxꝓ r a ball of ivory fall from any height 
and ſtrike an equal ball at reſt; the ball 
which receives the ſtroke al aſcend 

to nearly the ſame height from which 

the other fell, and the other will remain 
at reſt; ſo that the ſtriking Body loſes its 
whole Motion, and the quieſcent Body 
acquires as much. In this ne Whew! the 

e Bodies 
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Bodies were non-elaſtic, the ſtriking Body 
communicated only half its Motion to 
the quieſcent one, and loſt ſo much itſelf. 


We lee therefore, from theſe Experi- 


ments, that the Flaſticity of the Bodies, 
were it perfect, would double the quan- 
tities of Motion which are communicated 
and loſt merely by the ſtroke, and that it 
equally increaſes them both, cho it is im- 
perfect; and conſequently we may con- 
clude, that whenever two Bodies, either 
non- elaſtic or elaſtic, ſtrike each other, 
the Force of the ſtroke will make equal 
changes in the Motions of each, or that 


equal quantities of Motion will be com- 


municated to each in oppoſite directions; 
ſo that the ſum of their Motions, when 
they move the ſame way, or the Dif- 
ference of their Motions, when they move 
contrary ways, taken in the Direction of 
the ſtriking Body, will be the ſame after | 
the ſtroke as it was before. 


CY inſtead of one, their be two, | 
three, or more guieſcent balls contiguous 
to each other, that which is fartheſt re- 
moved from the e ball will fly 
: off 
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off with the velocity of che ſtriking 


ball, leaving it and all the intermediate 
balls at rell Por as the ſtriking ball 
imparts all its Motion to the firſt of the 
| quieſcent balls, ſo does that in like 
manner to the ball that lies next be- 
yond it, and that again to the third, and 
To on, till the laſt ball meeting no other 
to reliſt it, flies off with all the Motion 
which the firiking ball had before the 


| ſtroke. 


I Ani add one Experiment more, 
by which we may ſee that an elaſtic Body, 
by ſtriking another, may communicate to 
1 more Motion than it had itſelf. If 
an ivory ball falls from the height of 


nine inches and ſtrikes another at reſt 


that has double its quantity of Matter ; 
alter the ſtroke the ſmaller ball will be 
reflected back to the height of three 
inches, and the larger ball will riſe to 
the height of fix inches, ſo that its ve- 
locity fix multiplied into two, its quan- 
tity of Matter, gives twelves for its quan- 
| tity of Motion after the ſtroke, which is 
three parts of Motion more than the 


. ſtriking body had before the ſtroke. To 


acc ount 
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account for this, we muſt conſider, that 


if the balls were non-elaſtic, the whole 


Motion of the ſtriking ball, which was 
nine, would after the ſtroke be divided 
between the balls, in proportion to their 


quantities of Matter, becauſe they would 


then move on together with a common 
velocity ; therefore the larger ball would 
merely by the ſtroke acquire two thirds 
of the leſſer ball's Motion, that is, fix, 


and ſo much would the leſſer ball wi 


| ſince therefore, by means of the Elaſticity, 
the Motion communicated and loft is 
doubled, the larger ball muſt acquire 
twelve parts of Motion, and therefore 
mult riſe to the height of ſix inches; 
and the leſſer ball muſt loſe twelve parts 
of Motion, which is three more than it 
had before the ſtroke, therefore it will 


be reflected back to the height of three 
inches; for a Body is properly enough 


ſaid to loſe more Motion than it had in 
a certain direction, when its Motion is 
deſtroyed, and it is made to move in 
the contrary direction. Hence it follows, 5 
whenever à ſmaller elaſtic ball ſtrikes a | 
larger one at reſt, that there will be an 


augmentation 
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augmentation of Motion, and that the 
exceſs of Motion in the larger ball, above 
the Motzon which the ſmaller has before 
the ſtroke, will be ever equal to the Mo- 
tion wherewith the ſmaller ball is re- 
flected back after the ſtroke, as is evident 
from what has been ſaid. If therefore 
Motion be communicated from a ſmaller 
elaſtic Body to a larger, by means of 
ſeveral intermediate Bodies, each larger 
than the other, the Motion will be aug - 
mented in each of them, and the Mo- 
tion of the laſt will greatly exceed that 5 
of the firſt. | 
FROM the increaſe of Motion in 

elaſtic Bodies, a reaſon may be drawn 
for the augmentation of ſound in ſpeak- 
ing- trumpets; for as the ſpeaking-trum- 
pet is narroweſt at the mouth piece, 
and thence widens and enlarges conti- 
nually to the extremity, the air within 
it, which is an elaſtic Fluid, may be 
conſidered as divided into a great num- 
ber of cylindrical Bodies, of very ſmall 
but equal altitudes, the baſis of the firſt 
being equal to the aperture of the 
trumpet, to which the mouth is appli- 


ed, and the baſes of the reſt increaſing 


one above another as they are 8 i 
an 
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and more removed from the mouth; 
. upon which account the Motion, that 
is impreſſed by the Force of the Voice 
on the firſt cylindrical Body of Air, 
grows greater in the ſecond, and greater 
ſtill in the third, and fo on, till at length, | 
at the exit of the Tube, it becomes ſo 


great as to magnify the found very con- 
ſiderably. 
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